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CHAPTER   I 

Measurkments 

1.  Science  in  Daily  Life.  I)uriii<;  the  \mt  fifty  years 
scit'uee  in  all  its  hruneheH  lius  developed  very  mpidly,  ami  at 
the  present  time  its  applications  have  become  of  the  utmost 
importance  in  our  every -day  life.  .Some  of  the  most  i)rominent 
of  these  applications  are  to  be  seen  in  our  means  of  transporta- 
tion over  the  land  and  the  water  and  throu<;li  the  air;  and  also 
in  the  niethwls  of  generating,  distributinj^,  and  utili/inj;  electric 
enerijy.  Many  of  to-day's  achievements  were  not  even  dreamt 
of  by  our  t^randfathci-s. 

Now  it  may  seem  stranjje,  but  it  is  none  the  les.s  true,  that 
this  great  dtvelopment  came  alxuit  through  our  learning  to 
make  accurate  measurements  of  the  various  quantities  which 
enter  in  our  experiments. 

2.  Fundamental  Units.  Let  us  measure  a  piece  of  rope. 
We  do  so,  and  find  that  its  length  is  (siiy)  52  feet.  Here  our 
unit  is  afoot,  and  it  is  containe<l  ')2  times  in  the  given  length. 
A  loaf  of  bread  is  said  to  contain  3  pounds.  In  this  ca.se  the 
unit  of  inK.ss  is  n pound.  Again  the  strength  of  an  electric 
current  is  stated  !i8  25  amperes.  The  unit  in  this  instance  is 
culled  an  ampere. 

It  is  eviflent  that  there  will  be  as  many  kinds  of  units  as 
there  are  kinds  of  quantities  to  be  njeasured  ;  and  the  magni- 
tude of  the  units  may  b(>  just  what  we  choose.  But. there  are 
three  units  which  we  speak  of  as  fmuhnufnlnl,  namely,  the 
units  of  h'lujfh,  vuuhh  and  timt'.  E;ich  is  independent  of  the 
othei-s  and  cannot  Ixi  dcrivefl  from  them.  It  can  al.so  be 
shown  that  the  measurement  of  any  quantity  (for  instance, 
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tlie  power  of  a  steam -entwine)  ultimaU'ly  (k'|>on<ls  on  the 
inejvsurenient  of  len;,'th,  iiuish  and  time.  Hence  these  units 
are  properly  considered  fundamental. 

3.  Standards  of  Length,— the  Yard.  One  of  the  commonest 
units  of  length  is  the  foot.  For  centuries  it  has  Iw-en  used  by 
many  nations,  but  the  same  name  did  not  always  mean  the 
same  lenj^th.  Even  in  a  sin<jle  nation  there  was  considerable 
variation,  which,  however,  became  greater  on  piussing  from 
one  nation  to  another. 

At  the  present  time  there  are  two  xtamhmh  of  length  in 
use  in  Englis'i-speakin^j  countries,  namely,  the  yard  and 
the   metre. 

The  yard  is  said  to  liave  rcpresent-ed,  originally,  the  length 

CmtStOm  oN_  *^^  t''^'  '^'*'"  "^  ^*"g  Henry 

I.,  but  such  a  definition 
will  not  suflice  now.  It  ia 
defined  to  be  the  distance 
between  two  lines  ruled  on 
two  gold  plugs  in  a  bronze 
bar,  which  is  preserved  in 

Fia.  l.-Bronie  yard,  88  in.  lon«.  1  in.  iq.  in  section,  t  i  Fiiirljind 

a,  a  are  small  wells  in  bar,  sunk  to  mid-depth.         LiOnUOn,  l!.ngianu. 

The  bronze  bar  is  38  inches  long  and  has  a  cross-section  one 
inch  S(juare  (Fig.  1).  At  n,  a,  wells  are  sunk  to  the  mid-depth 
of  the  bar,  and  at  the  bottom  of  each  well  is  a  gold  plug  or 
pin,  about  ,V  i"ch  in  diameter,  on  which  the  line  is  engraved. 

The  inch,  the  foot,  the  rod,  the  mile,  etc.,  are  derived  from 
the  yard. 

4.  The  Metre.  At  the  end  of  the  18th  century  there  were 
in  France  many  standards  of  length,  and  it  was  decided  to 
replace  them  all  by  a  new  unit  which  was  named  a  metre.  Its 
len-'th  Wcis  intended  to  be  c^^^\  ten-millionth  part  of  the 
distance  from  the  pole  to  the  equator,  measured  through  Paria 


RELATION   IJETWEEN   METRES  AND  YARDS 


3 


(HalfSljif 

M 


Fie.  2.— View  of  end  and  croM- 
■ection  of  the  new  standard 
metre  liara.  The  line  deflninic 
the  ei)d  of  the  metre  ia  a  ahort 
mark  on  the  aiirfare  midway 
l>etween  the  top  and  lioltoni 
of  the  bar. 


Tlie  Imr,  representing  this,  wliieh  was  taken  as  the  standaitl, 
was  completed  in  171M).  It  was  made  from  platinum  and  is 
just  a  nietre  from  end  to  end,  25 
millimetres  (alx)ut  1  ineh)  wide  and  4 
millimetres  (about  i  inch)  thick. 

As  time  pas.sed,  j^reat  ditficulty  was 
experienced  in  making;  exact  copies  of 
this  platinum  ro«],  and  as  the  demand 
for  such  continually  increased,  it  was 
deci<led  to  construct  a  new  standard 
bar  of  the  same  length,  and  to  make 
duplicates  for  various  nations. 

The  form  of  the  new  metre  l)ars  is 
shown  in  Fig.  2.  The  material  used  is 
a  hard  and  durable  alloy  compo.sed  of  platinuni  90  jmrta  and 
iridium  10  part.s.  The  bars  are  102  cm.  in  length  over  all  and 
20  squ'-re  mm.  in  section. 

5.  Subdivisions  and  Multiples  of  the  Metre.  The  metre 
is  divided  decimally  thus : — 

1  metro  =  10  tlecimetres  ^^  100  centimetres  =  1,000  millimetres. 
For  greater  length  multiples  of  ten  are  used,  thus: — 

1  kilometre  =  10  licctometres  =  KX)  decametres  -  1,000  metres. 
The  deaDnetre  and  hectonwtre  are  not  often  used. 

6.  Relation  between  Metres  and  Yards.  In  Great  Britain 
the  metre  is  officially  stated  to  contain  .39..'^701i3  inches,  but 
in  changing  from  metric  to  English  measures  we  need  not  use 
so  many  decimal  places. 

\Ve  may  take 

1  metre  =  39.37  inches  ;  1  inch  =  2.54  centimetres. 
It  is  also  useful  to  remember  tli.nt,  .approxim.at^Iy, 

10  centimetres  =  4  inches  ;  30  cm.  =  1  foot ;   8  kilometres  =  5  miles. 


^■-'^ . 
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In  Fig.  ;{  is  shown  a  ccjiniMiiison  l)t*t\veuii  centiint'tre.H  and 
inches. 
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Fio.  3.— Coniparuon  of  inchM  and  centimetna, 

7.  Units  of  Surface  and  Volume.  Tlie  ordinary  units  of 
surface  and  volume  (h(j.  yd.,  s<|.  cm.,  cu.  ft,  cu.  metre,  etc.)  are 
at  once  dcfhu-ed  from  the  lineal  units.  The  li(r<-  is  a  cubic 
deciiiHtre  and  hence  contains  1.000  cu.  cm.  As  a  unit  of 
volume  we  also  u.se  the  imperial  (ja I foi),  which  is  defined  to 
be  the  volume  of  10  jjounds  of  w.-iter  at  G2^  F.,  which  is 
fotuid  to  be  277.274  cu.  inches.  (The  U.  S.  or  Winchester  or 
wine  gallon  =  231  cu.  in.) 

The  following  relations  are  also  useful : — 

1  sq.  yd.  =     0.830  scj.  m.  1  gal.    =  4.546  litres. 

1  cu.  in.    =  16.387  cu.  cm.  1  litre  =  1.76  quarts. 

PROBLEMS. 

1.  How  many  millimetres  in  2A  kilometres? 

2.  Ch.inge    186,330    miles    to    kilometres.     (Light    travels    186,330 
mile.s    in    1    sue). 

3.  How  many  s<j.  cm.  in  a  rectangle  54  metres  by  GO  metres  ? 
^—   4.  Change  760  mm.  into  inches. 

,     6.   Reduce  1  cubic  metre  to  litres  and  to  cubic  centimetres. 

6.  Lake  Superior  is  602  feet  above  sea  level.     Expre.ss  this  in  metres. 

7.  Dredging  is  done  at  50  cents  jier  cubic  yard.     Find  the  cost  per 
cubic  metre. 

8.  Ail'  weighs  1.293  grams  per  litre.     Find  the  weight  of  the  air  in  a 
room  20  X  25  X  15  metres  in  dimensions. 

->         9.   Which  is  cheaper,  milk  at  7  cents  i)er  litre  or  8  cents  per  quart? 
f         10.  The  speed  of  sound,  at  61°  F.,  is  341  metres  i)er  second  ;  express 
this  in  feet  per  second.  '^  j  I  >.  I  ,    i  ,        -  i^       '  ' 

(  11.  Express,    correct   to   a   hundreth  if^a   millimetre,   the   difference 

^^})etween  12  inches  and  30  centimetres. 
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8.  Standards  of  Mass.  Wr  may  «U'riii<'  tlio  muss  of  a  Ixxly 
as  tlio  (jiDiofiti/ t)/  w, iffir  in  it.  Ac«-()nliii«j  C^ '"si*'^" 
to  our  pn-.sont  views,  matter  may  clian;;!'  its 
form,  l)ut  it  can  never  W\  destroyed.  A  lump 
of  matter  mij;lit  he  transporttnl  to  any  place 
in  the  universe  })nt  its  ma.ss  would  remain 
the  .s;im«' ;  it  would  .still  have  the  sjime 
ijuantity  «n   matter  in  it. 

rio.  4.— Imperial    8tan- 

There  are  two  units  <.f  ma.s.s  in  ordinary  f^!;?  ^K,  ..u,^.^.:;: 
use,  namely,  the  pno nd  and  the  kibujra m.         SeV  Ms '"'nch^! 

'•  I'.S."   gtands  (or  par- 

The    standanl     pound    a\oir<lujM)is    i.s    a    i><"n*ntary  Hamiaid. 
certain  piece  of   platinum  preserved  in  I>)ndon,  Enj^land,  of 
the  form  shown  in  Fiij.  4.     The  t/miii  is  -^'oo  of  the  jwund 
and  the  viiuce  is   j'^  of  tlu'  pound  or  4.*i7.5  grains. 

The   original    standard    kilogram  was   also   constructed  of 

--J  platinum,  and  it  is  .still  carefully  pre- 

"  served   in    Paris.      It  was   intended    to 

represent  the  mass  of  1,000  c.c.  (1  litre) 

j  of   water  when  at  its  maximum   den- 

_^J  sity  (at  4'  C).     Thus  1  c.c.  of  water  = 

Kio.  ^.-Kiiotrrara.  made  of     1  gram.     Duplicate  standard  kilograms 

an   allov  of  |>latiniim  ami        .  ,  ^      p  •  .  •  ■ 

milium,    iieiifht  and  dia-      liave  tK'cu  UMide  lor  various  natioi:s  out 

meter  each  16  inchea.  ...  ,       .  •    •  i-  n  ,  t-<'        ^k 

ot  the  platnium-iridmm  alloy  (Fig.  5). 

The  relation  of  the  jwund  to  the  kilogram  is  otficially  stated 
thus  :— 

1  kil(igr.im  (kg.)  =  2.2046223  [KmndH  avoir., 
hut,  as  Ix'fore,  in  changing  from  metric  to  English  measures 
We  need  not  u.se  so  many  decimal  places. 
We  may  take 
1  kg.  -=  2.20  iM.unils  av. ;  1  yrani  ^--  IhA  gniiiis  ;  1  oz.  av.  =  28..'{  grams. 

9.  Unit  of  Time.  If  we  reckon  from  the  moment  when 
the  .sun  is  on  our  meridian  (ihmmi),  until  it  is  on  the  meridian 
again,  tlie  interval  is  a  8>>l<ir  titty.     But  tlie  solar  days  thus 
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•loterniiiicfl  arc  not  all  exactly  (Miual  to  mcli  otluT.  In  onltT 
to  i^i'i  an  invarialjl*?  interval  wi;  tak»;  the  avcrnjje  of  all  the 
solar  (lays,  an<l  call  tin;  day  tlius  ohtuini'il  a  iiicnu  nolur  i/,n/. 
Dividin;;  this  into  8G,4()0  ('<|ual  parts  wo  obtain  a  mean  solar 
st'iuiuL  This  is  the  (juantity  which  is  "ticked  otl'"'  by  our 
watches  ami  cl(x;ks.  It  is  used  universally  as  the  fundamental 
unit  of  time. 

10.  Measurement  of  Length.  A  dry-giKxls  merchant 
unrolls  his  cloth,  and,  jdacin;,'  it  alon^^fside  his  yard-stick, 
measures  off' the  (juantity  oiilercd  by  the  customer.  Now  the 
yard-stick  is  intended  to  be  an  accurate  copy  of  the  standard 
yard  kept  at  tli«'  capital  of  the  country,  and  this  latter  we 
know  is  an  accurate  copy  of  the  orij;inal  preserved  in  I^Hidon, 
En^rland.  In  order  to  ensure  the  accuracy  of  the  merchant's 
yard-stick  a  ^roveinment  otiicial  pt'riodically  inspects  it,  com- 
parint;  it  wi»h  a  standard  yard  which  he  carries  with  him. 

11.  More  Accurate  Measurements.  Suppose  next  we  wish 
to  find  accurately  the  diameter  of  a  ball  or  of  a  cylinder.  We 
may  use  a  calliper  such  as  that  shown  in  Fig.  6.    The  jaws  are 
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Fio.  7.— Micrometer  wire  gmu^e. 


FlO.  6  — C»Uir  r. 

pushed  up  until  they  just  toucli  the  object,  and  tlie  diameter  is 
read  from  the  graduations  on  the  instrument. 

For  a  small  ImiII  or  a  wire  the  most  convenient  instrument 
is  a  screw  gauge,  one  of  which  is  illu.strated  in  Fig.  7.  A  is 
the  end  of  a  screw  whicli  works  in  a  nut  inside  of  D.  The 
screw  can  l)e  moved  back  and  forth  by  turning  the  cap  C  to 
which  it  is  attached,  and  which  slips  over  D.     Upon  i)  is  a 
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sc.ilc,  an.l  till-  mil  of  tlm  cap  C  is  diviiU"!  into  a  nuinJMr  of 
(•<|ual  parts.  P>y  turiiiiii;  tliu  cap  the  en.l  .1  iiiovfs  foiwanl 
until  it  reacJics  the  stop  li.  Wlicn  tliis  is  tin;  ca.s»'  the  jjradua- 
tion.s  on  D  and  V  Ijotli  read  zen). 

In  oifler  to  nieasuro  l\w  diamctor  of  a  wire,  the  end  A  is 
sen-wod  up  until  tho  wire  is  just  luM  IxtwtTn  A  an<l  //. 
Tlu'n  from  the  scah-s  on  D  ami  C  we  can  find  the  diameter 
required. 

There  are  other  devices  for  accurate  measurement  of  len<;ths, 
but  in  every  case  the  scale,  or  the  screw,  or  wliatever  is  the 
e.Hsetjtial  part  of  the  instrument,  must  b?  wirefully  compared 
with  a  goof]  standard  lx>fore  our  measurements  can  be  of  real 
value. 


12.  Measurement  of  Mass 

The  pans  A  and  Ji  are  sus- 
pendeil  from  the  ends  of  the 
heanj  CD,  which  can  turn 
ea>,ily  al)out  a  "  knife-e.l;r,.  " 
at  /i.  This  is  usually  a  sharp 
ste.l  iMltje  restiufj  on  a  steel 
or  an  agate  plate.  The  b.  ar- 
iii<js  at  C  and  1)  are  made 
v.ith  very  little  friction,  so 
that  the  l>eam  turns  very 
tVeely.  A  lonjf  pointer  /* 
♦  xtends  downwards  from 
till'  mi<ldle  of  the  Ix-am,  and 
its  lower  end  moves  over  a 
Male  0.  When  the  pans  are 
I  balanced  an<l  the  Iwani  is 
l«vi-l  the  pointer  is  opposite 
Zero  on  the  scale. 


In  Fi<j.  8  is  shown  a  bjilance. 


Fiu.  8.— A  simple  and  convenient  Ijalance.  When 
in  F<|uili)>riurn  the  pointer  />«Un<U  at  lero  on 
the  wale  ().  The  nut  n  ih  for  adjustini;  the 
l>a!ani-i-  .incl  the  tiinall  wei)(hl«,  frai-tioii*  ol  a 
Krarn.  are  ohtained  hy  iiliiliiiK  the  rider  r  alonir 
the  iK-ain  whi'h  ia  ({railiiate<l.  Thf  weight  V  \t 
substituttd  for  the  pan  J ,  will  boUncelhe  pan  B. 


Suppose  a  lump  of  matter  is  placd 
de.scends  and  equilibrium  is  destroyed.      It  goes  downwards 


on  pan  .1.     At  once  it 
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IxcMisc  till-  <;iitli  attracts  tin-  iiiattt  r.  Now  put  aiiotluT  luinp 
oil  pan  li.  ir  tin-  pan  //still  ii'Uiaiiis  up  we  say  tlu'  mass  <in 
^1  is  lita\  itr  than  that  <iii  //;  if  tin-  [laiis  coiiic  to  the  saiiic  It-vcl 
Hiul  till'  pointer  stamls  at  zero  tin'  two  jiiassos  an-  ••(|ual. 

It  is  tin-  attraction  of  tin-  cartli  tijion  tin.'  masses  placed 
upon  till'  pans  which  pro<luccs  the  motion  of  the  Iialancc. 
Thf  altiaction  of  the  laiih  upon  a  mass  is  calicl  its  hi  it/hf^ 
an<l  so  in  the  halance  it  is  the  wei^^hts  of  the  Ixx'.ies  which 
arc  comparcfl.  J'.ut  if  the  wei^^hts  of  two  Inxlies  are  eipial 
tliiir  masses  arc  eipial,  ami  so  the  l»alanc<'  allows  us  to  compare 
masses. 

13.  Sets  of  Weights.  We  have  a;xrcc«l  to  take  a  lump  of 
platinnm-iri'lium  as  our  stau'Ianl  of  mass  (^  H). 

In  ortler  to  duplicate  it  we  simply  place  it  on  one  pan  of 
the  halani-e,  ainl  hy  careful  tilin;;  we  make  another  piece  of 
matter  which,  when  placed  on  the  other  pun,  will  just 
halance    it. 

A«;ain.  with  patience  and  caro  two  mas.ses  can  Ije  constructe<l 
which,  wi'l  he  e<|Ual  to  each  other,  and  which,  taken  tn<rether, 
will  he  eipial  t(t  the  ori;;inal  kilo;,'ram.  I'^jich  will  Iw  500 
j^ranis. 

Continuintf,  Me  can  produce  ma.s.scs  of  other  denominations, 
and  we  may  end  hy  havin;^  a  set  consistinj^  of 

1,0CX), 

MO.  l.'i)0,  200.  ino 

50.     20,  20,     10 

r.,      2,  2,      1 

.5.      .2,  .2,      .1  grams 
and  even  smaller  wei^^hts. 

If  now  a  mass  is  placed  on  pan  .1  of  the  halance,  by  proper 
comhination  of  tliese- weii^'lits  we  can  halatu'e  it  and  thus  at 
once  determine  its  mass. 
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Tin-  iHilunns  nn.l  th«'  wcijrht.s  us^mI  l,y  merchant.s  throujjlu.ut 
th.'  c-ountiy  im-  iM-riixlicully  ii.s|K-ftfa  hy  a  ^'ov.'rnnirnt  (Ilfic.r. 

14.  Rules  for  the  Use  of  the  Balance.  The  iMil.mco  sl.ouM 
always  l)e  Imiidled  with  care  and  the  following  rules  be 
oUst'rved : — 

1.  Kot'i)  tlio  l)alance  dry  and  free  from  ihwt. 

2.  .See  that  tlie  halanco  ih  properly  atljuated,  «o  that  it  will,  when 
u..l...uk.,l,  either  re.t  in  OMtiilihriuni  witli  the  |M,inter  at  the  zen.  mark  on 
the  scale,  or  will  swing  e(iually  on  eitiier  side  of  zero. 

3.  Place  the  »>ody,  whoHe  mass  ia  to  ho  a«certeine«l  in  the  left-hand 
8c.ile.,Min,  and  place  the  weights  in  the  right-hand  Hcale-|«in.  Until  some 
ex,H;nonce  in  judging  the  mass  of  a  In^ly  has  l.een  ol.taineil,  try  all  the 
'< eights  in  order,  commencing  with  the  largest  an.l  omitting  none.  When 
any  weight  causes  the  right-hand  pan  to  descend  remove  it.  Never  select 
weights  at  random. 

In  the  l^ilanco  shown  in  the  figure  any  addition  under  10  grams  is 
ol.taine.n,y  sli.ling  the  ri.ler  r  alon,'  the  In^am.  It  gives  ,V  gram  directly, 
and  ,%  of  this  may  Imj  obtained  by  estimation. 

Before  beginning,  the  balance  should  l>e  te«te<l.  Push  the  rider  r 
over  to  its  zero  mark  and  then  if  the  pans  do  not  Ulance  (a»  indicated  by 
the  iHntner  P)  turn  the  nut  n  until  they  do. 

4.  To  determine  the  equilibrium  do  not  wait  until  the  l»alance  comea 
to  rest.  W  hen  it  sw  ings  e<,ually  on  either  side  of  zero,  the  niuis  in  one 
p  111  equals  that  in  the  other. 

5.  Place  the  largest  weight  in  the  centre  of  the  pan,  and  the  others 
111  tlie  order  of  their  denominations. 

0.  Keep  the  pans  supported  when  weights  are  to  be  added  or 
taken  off. 

7.    Small   weights  should   not   lie   handled   with    the   fineem      Tse 

forceps. 

«.   Weigh  ill  appnipriate  vessels  substances  liable  to  injure  the  pans 
a  or  counter|K)i8e  use  shot  and  paper. 

9.  Never  use  the  balance  in  a  current  of  air. 
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Exercise    Find  the  value  of  1  oz.  in  grains.  1  kUogram  in  pound.. 
1  quart  in  c.c.  and  in  litres. 

An.AH.ms:     i:.d.no';  vltf,   Mh   n.itish   I  vMrW   u-^i.jhh,  ./-'' 

nveasxre,  ijlmt-f  "fi*'  .jnidiuttM  in  f.i: 

(„)  Pl.oe  aa  ..nnce  weight ....  the  lefth.-ul  ,..n  of  the  »>.vlance  (Fig.  H) 
an.1  ,.lac.  ...etric  «..i,h.H  c.n  the  right.han.l  ,«u  to  k.hu.co  U. 

(,.)  N,.xt  place  the  k.logmm  weight  o„  ^^e  left  pa,^  an.l  keep.ng^^^^^^^ 
ri.U.r  at  the  Jro  point,  a.l.l  Mrif.sh  weig'-.tn  on  the  nght  untU  they  l«aance 
the  kilonrau..     Express  your  result  in  v-nmU  and  <lecnnalH. 

;;ir:;:::;;;:  Z!:::t.  e.pty  th.  .aer  i...  the^.^  .r..^^. 

Kxpress  the  qu.rt  in  c.c.  and  aUo  .n  l.tren.     (I  1.  =  1.000  c.c.) 

16  Density.  I^t  tis  iako  ..ptal  vultnn.,s  of  U-acl  HUnninium 
w'!l  bras..  c..rk.  Th.sc  may  cut.vetuently  h. cyhnderH about 
i  i„ch  in  .lianutor  aiul  U  ov  2  inches  in  k-ngth. 
'  Bv  sin.plv  boMin,'  tlu-n.  i.t  th.  Imn.l  we  ^''cognize  at  once 
that  these  i;..lies  have  .litferent  weights  and  therefore  .l.Herent 
laaLes.  With  the  Kvlanee  an.l  ottr  set  of  weight,  we  can 
accinately  (kternjine  the  masses. 

We  aescrilx.  the  .liH^^renoe  Inawee..  these  Inxli,.  hy  saying 
that  they  are  of  (UHerent  densities,  tutd  we  dehne  dens.ty 
thus : — 

'//,.  DENSITY  ofo  suhst,nu-e  /s  the  mass  of  unit  volume  of 

tltdf  i^lthxt(l)U'<'. 

If  we  use  the  f,3<.t  and  the  pound  tus  units  of  length  and 
,..ss,  respectively,  the  density  will  1.  expressed  by  the  number 
.,f  ^„,„,.ls  i.t  1  cubic  f..)t.  K<.r  exantple  water  at  4  Q  ha  a 
density  02.4;  iro.t,  about  440.  white  ptne,  alK>ut  26.  pounds 
per  eubic  foot.  ,' 

N.-xtletus  take  1  cm.  and  1  gra.n  as  om-  tmits  of  length 
and  tnass,  tespectnely.  and  see  what  nun.bcr.H  wtll  rc.pre-'H.nt 
the  densities  of  some  substances. 


H>:r,ATioN'  Bi-rrwKK.v  density  and  spkcific  (;ravity   n 


1  litre  of  wat«?r 
<»r  1  c.c.  of  water 


1  kili>grani  =  1,000  grnnu, 


Wf  know  tliat 

1.000  c.c. 
1  grnin, 

nn<l  honco  in  this  ca««  the  density  of  water  is  represented 
hy  1. 

Th<!  followinj;  are  the  densities  of  some  other  snlmtances : — 
Cjist-inm,  7.0  to  7.1;  silver,  10.5;  mercury,  13.6;  white  pine, 
0.3  to  0.5  graiii.s  per  c.c. 

Note  also  that  if  we  know  the  volume  and  the  density  of  a 
Ixwly  we  can  at  once  calculate  its  \nam.  For  example,  the 
volume  of  a  piece  of  cast  aluminium  is  150  cc.  and  its  density 
is  2.50  grams  per  c.c.     Then  the 

Ma.ss  =  150  X  2. 50  =  384  grams. 

ExerciM    Find  the  volmne  of  a  rectanfolar  solid,  »]§^  its 
density. 

Ai'l'ARAXr.H  ■.  —  lilork  ofu-ood,  mdie  atiek,  Indanrf. 

Apply  tlio  inotro  stick  to  each  ^dgf  of  the  hlmik,  thus  iiionh..  usch 

tliiiien.sion  of  tlio  hlock  four  times.  Take  the  »vora),'e  ;  and  i  en,  by 
multiplying  tho  three  ilimeiifiions  t<»gether  obtain  the  volume. 

Take  the  me».surement«  in  inchen  aa  well  as  in  cm.,  and  from  the 
volumus  obtained  culculate  tho  number  of  c.c.  in  1  cu.  in. 

Next,  weigh  the  block  with  tho  Imlance,  and  calculate  the  number  of 
grams  in  1  c.c.  of  it. 

16.  Belation  between  Density  and  Specific  Oravity.    We 

have  seen  that  the  number  expressing  the  density  of  a 
sulxstance  differs  according  to  the  units  of  length  and  mass 
which  we  use^ 

Specific  gravity  is  defined  to  be  the  number  of  times  the 
weight  of  a  given  vohnue  of  tlie  substance  ct^ntains  the 
weight  of  an  equal  volume  of  water.  This  is  expressed  by 
a  sijuple  nurober,  which  is  the  same,  no  matter  what  units 
we  use. 
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For  ..xa.nplo,  m.p,K««  «„  I.^v..  a  ouhio  f.».t  ..f  r,  M.lmtAnce,  hiuI  that  it 
Wfi-lH  440  |l,s.      Now  ,l,e  „..i.|.t  „f  ,^  ,.„i,„.  f,^,^  „f  ^^,^,^  j^  ,.._,^  „^^ 


Tlit'ri  s|n'citic  uTiivity 


410 


•)1'.4       "■^*'*"     [^^  '"*'  "•''"'tnnce  Ih  it  I] 


If  wo  t.„,k  2.  .'{.  <.r  nuy  uu,uWr  of  c...  ff.  wo  wo„l,l  get  the  name 
nuinlKT  fur  tl.«  H,„,c,»ic  «niv,t  v,  hIucI,  wc  hcv.  therefore.  ,h^.,  „..t  de,.e...l 
on  the  voium,.  of  the  nubMbmco  lined. 

Aj4.iin.  .supiK»Ho  w..  1,HV..  .'iO  c.c  of  the  milwUu.ci..  whieli  by 
i".u,.s  „f  th.,.  bala,.f...  wo  fi,„l  „i.i^r|,.s  852.5  j,n-ttinH.  Now  50 
c.c.  of  water  weigljs  50  ^'laiiis. 

Then  H|.eci»ic  jjnivity      ^^'^■--  =  7.05. 

which  i.i  the  wei^.ht  of  I  C.C.  of  the  .suJ^tance,  and  is  the  same 
AH  the  .leiLsity  when  wi-  use  these  units. 

Ilonce,  when  we  use  a  centimetre  as  the  unit  of  h'ngth  and 
a  K»-.ini  as  the  unit  of  mass,  the  numlnT  representincr  the 
specific  ^'ravity  of  a  substance  is  the  same  us  that  represcntinff 
its  density.  ^ 

PROBLEMS 

1.  Find  the  ni.ms  of  140  c.c.  of  silver  if  its  density  i.s  10.5  gm.  per  c.c. 
1/2.  The  specitic  grnvity  of  Hul,,huric  aci.l  i.  1.85.     How  ,„„ch  will  100 
c.c.  weigh  ?     How  many  c.c.  niu.st  one  tnke  to  weigh  100  gm.  i 
/  a   A  roll-d  aluminium  cylinder  is  20  cm.  long,  .%  mm.  in  diameter, 
and  Its  density  M  2  7.     Find  the  weight  of  the  cylinder.    *■  ,       •/; 

</4.  A  piece  of  granite  weighs  83.7  gm.     On  dropping  it  into  the  water  ' 
m  a  gnduated  VfH.iel,  the  water  rise.t  from  130  c.c.  to  161  c.c. 
(Fig.  9).     Find  the  density  of  the  granite. 

JJ0    filled  with  alcohol  of  density  0.8.     Find  the  weight  of  "the 
alcohol. 

{r   6.  A  rectangular  block  of  woo<l  5  -  10  x  20  cm.  in  dimen- 
sions weigh.s  770  gr  .m.s.     Fin.l  the  ilennity. 

7.  The  density  of  anthracite  c.«l  in  ahout  64  lbs.  and  that 
of  bituminous  coal  al,ou^  49  lbs  ,  per  cubic  foot.      A  coal  bin 

IS  H  X  a  X  4  ft.  in  dimension.s.     Find  the  number  of  ton,  it  will  hold  (a) 

of  anthracite,  {(>)  of  bituminous  coal. 


Fio.  0. 
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8.   Write  out   the   fi>ll<iwiii}{   {thotograpliic    forinuliui,  cliniigin;^   th« 
wtMKhta  to  the  iiiL-tric  NyHfoiii : — 

D>.vKU>rr.K 

^Viitur 10  ,tt. 

MetuI 7  K*". 

II}'(lr'><|iiiiiiiiie ;{0  " 

Sulphite  of  So<ln  (<l(>4icciite<]) 110" 

CiirlMinatu  of  ShIh  (dfHiicnttHl) 200  " 

Ten  i>«r  cent,  aolution  IJroinitlo  <f  I'otAMMiinn . .....  40  ilroiM 

FiXINU     D.\T1I 

^Vator 04  oz. 

Hyposulphite  of  S«kI» 1(5  •« 

Wlicn  iiJiove  is  ili.ssolved  itiM  tho  fonowin)»  sohition  :  - 

Water 5  " 

Sulphite  of  .So<ln  (desiccitf*!) I,  " 

Acetic  Acid 3  •» 

pDwderetl  Aluuk. ...    j   " 


PAET  II -MECHANICS  OF  SOLIDS -BODIES  AT  REST  AND 

IN  MOTION 


CHAPTER  II 
Velocity,  Acceleration- 
It.  Rest  and  Motion.  When  we  jjct  out  in  tlie  open  air 
an<l  Itjok  jilHjut  for  a  few  minutes  w»;  see  nmiierouH  examples 
of  rest  and  motion.  The  liouses,  the  fences  and  the  trees  are 
at  rest;  while  the  carri:i<;es  and  motor-cars  on  the  road,  tlie 
railway-train  in  the  distamv,  or  the  birds  tlyinj,'  across  the 
field,  we  declare  to  be  in  motion. 

We  a*;ree  at  once  that  we  can  arran;,fe  Ixnlies  into  the  two 
classes,  namely,  those  at  rt'sl  and  those  in  motion  ;  but  a  brief 
consideration  will  .show  that  this  arraii^'fuit-nt  is  not  so  simple 
jiftcr  all, — that,  indeed,  a  body  considered  from  one  point  of 
vii'W  may  be  at  rest  while  from  another  it  may  be  in  motion. 
Two  persons  sit  to;,'ether  in  a  railway-train.  Each  is  at  rest 
with  respect  to  the  other,  ])Ut  lK)th  are  in  motion  with  resi^ect 
to  a  third  ])erson  on.  the  j;round  outside.  It  is  impossible  to 
think  of  a  siii<,de  object  as  at  rest,  which,  when  looked  at  in 
another  way,  wouM  not  be  con.sidered  to  be  in  motion.  Thus 
motion  is  (juite  as  natural  a  state  as  rest. 

18.  Velocity  or  Speed.  A  boily  is  in  motion  when  it  is 
chauLjing  its  position:  and  there  is  another  idea  which  we 
usually  a-sscx-iate  with  this  chaiifje  of  position,  namely,  the 
time  taken  to  do  it.  This  brings  in  the  notion  of  spfcd  or 
rcliMiti/.  The  latter  term  is  often  used  to  include  also  the 
(linrtion  of  the  motion,  while  the  former  refers  oidy  to  the 
)'(tfe  at  which  the  bo<-ly  moves.  But  in  this  work  this 
distinction  will  not  be  insi.sted  on. 

Suj)pose  you  wish  to  go  from  Toronto  to  Montreal,  a 
distance  of  330  miles.     You  find  that  one  train  requires  30 
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hours,  while  iinother  om«'  would  take  4H  hours.  You  «lo  not 
lusitate  loiii;  to  clio<..se  the  one  you  will  use.  Tlie  rate  of 
motion  is  of  ^reat  inijioriance  to  us. 

In  tlie  tii-st  cjuse  tlie  averatje  sjx'ed  is  i530-f-10  =  33  miles  per 
hour;  in  the  second  ea.se,  330-^48  =  0^  miles  per  hour. 

Thus  we  se« ,        Speed  =  ^P>^^^. 

Time 

Usually  the  speeds  we  have  to  deal  with  are  not  constant, 

the  Ixxly  moves  faster  at  some  times  than  at  others.     This  is 

Well  illustrated  in  the  motion  of  a  railway-train.     On  a  long 

level    truck    the    spe<'d     is    approximately    unifonn,    hut    on 

cliiubin<f  a  hill  or  approachinij  a  station  the  .speed  changes. 

PROBLSKS 

1.  A  train  lo.vves  Winnipeg  at  10.40  i).m.  anil  refiche8  Retina  next 
III.. ruing  at  •.>.40  .w  shown  l.y  the  same  tinie-iuecc.  The  distance  is  367 
miles.     Find  the  average  speed.  ^, 

- —  2.  A  train  leaves  Montreal  at  9.45  p.m.  Monday  and  reaches  V.in- 
couver  on  Satunlav  at  0.f(?am.,  Pacific  time,  which  is  3  liours  slow  of 
Montreal  or  Ki.stern  time.  Tlie  average  speed,  including  stops,  was  26^ 
miles  per  hour,     fin.l  the  di.st.uice. 

-^  3.  .\  train  travels  at  tho  rate  of  GO  miles  per  hour  ;  find  the  speed  in 
feet  per  .second. 

, —  4.  An  eagle  flies  at  the  rate  of  30  metres  per  second  ;  find  the  S|)eed 
in  kilometres  per  h.>ur. 

r>.  \  sled^.'  jwrty  in  the  arctic  regions  travels  northward,  for  ten 
succes.sive  days,  10,  12,  !),  Ifi,  4,  15,  8,  16,  13,  7  nules,  respectively. 
Find  the  average  velocity. 

(■>.  If  at  the  sjime  time  the  ice  is  drifting  southward  at  the  rate  of  10 
y.irds  per  minute,  find  the  average  velt)city  northward. 

19.  Acceleration.  We  have  all  enjoye<I  the  sport  of  oojistitii; 
down  hill  on  a  slei<,di  or  a  tolx)<Tf,'an.  We  start  off  verj-  f^^'utly 
but  with  every  second  the  spt*ed  increa.se.s,  until  at  the  Inittom 
it  is  very  cjreat.  The  sleigli  then  runs  up  the  opposing  hill, 
rajjidly  lo.ses  its  speed  and  finally  contes  to  rest. 

\N  hen  the  velocity  is  not  uniform  we  say  the  motion  is 
acceU'ivted.      If   there    is   an    increase    in    the   velocity,   the 
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acceleration  is  positive  ;  if  a  <lecrea,sc,  it  is  noj^ative.  The 
latter  is  Sdinetiines  caliecl  a  retardation.  On  goin^  down 
liili  the  acceleration  is  positive,  but  when  .slowing  up  on 
the  opposite  hill  it  is  negative. 

Suppose  the  sleigh  is  allowed  to  .start  from  restC*.^'.,  without 
heing  pushed),  aii<l  that  at  the  end  of  one  second  its  speed  is 
2  feet  per  .second  ;  if  it  contiinies  to  gain  speed  at  the  .same 
rate,  the  speed  at  the  end  (if  2  seconds  will  Ix"  4  feet  per  second  ; 
at  the  eii<l  of  '.i  si corids,  (J  feet  per  second  ;  and  so  on.  At  the 
eiid  of  20  seconds  the  spee(]  will  be  40  feet  per  second.  In 
this  ca^e  the  rate  of  increa.se,  or  the  (WceLnitioii,  is  uniiorm, 
nanu'ly,  2  feet  per  .second  in  each  second. 

Next,  let  a  stone  he  thrown  upon  the  ice  with  a  speed  of  20 
feet  per  second,  and  let  the  friction  of  tlu'  ice  grailually  reduce 
the  siMfd  hy  1  foot  a  .second  during  every  second.  Here  the 
acceleration  is  ne;;ntive.  It  is  evident  that,  as  the  speed 
duiing  each  second  is  reiluce<l  by  1  f(K)t  per  .second,  the  entire 
speed  will  be  last,  and  the  stone  will  come  to  rest,  in  20 
seconds. 

We  shall  consider  one  more  example,  namely,  that  of  a 
freely-falling  IxmIv,  which  is  a  good  illustration  of  uniform 
acceleration. 

Let  a  stone  be  dropped  from  a  high  tower.  As  everyone 
knows,  it  will  rapidly  gain  in  speed.  At  the  end  of  the  Lst 
secon<l  its  speed  will  be  about  .'}2  feet  per  second;  in  one 
second  nior  the  speed  will  be  04  feet  per  second;  at  the  end 
of  the  ;^rd  second  it  will  be  90  feet  per  second  ;  and  so  on.  At 
the  end  of  .'U)  seconds  the  speed  would  be  30  X  32  or  OGO  feet 
])er  si'coud,  while  in  0  minutes  from  the  l>eginning  it  would  Xm 
0  X  (iO  X  32  =  1  l,o2(>  feet,  or  over  two  miles  per  .second  ! 

If  a  body  is  j)rojected  vertically  upwards  it  gradually  loses 
its  .spied  at  ihe  .same  rat«',  namely,  32  feet  per  second  dui'ing 
every  second.    Thus  if  a  ritie  bullet  be  shot  vertically  upwards 
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with  a  speed  of  2000  foet  per  socmul,  it  will  lose  each  second 
.S2  ft'ct  per  sfcoiul.  At  tile  oinl  of  the  1st  socond  the  speed 
will  Ix  1908  feet  per  second;  at  the  end  of  the  second,  lf)36; 
of  the  '.hx\,  10i»4;  and  so  on;  so  that  it  will  luse  its  entire 
speed  in  2000  -^  .'V2  =  (j2i  secontls.  It  will  then  begin  to 
descend,  gaining  every  second  a  sjwed  of  32  feet  per  second, 
and  after  (52^  seconds  it  will  reach  the  ground  again  with  a 
speed  of  2O00  feet  per  second. 

Tht'sij  results  are  ii'  t  accurately  true,  as  we  have  neglecte<l  the  reaia- 
tanco  of  tile  air,  wliicli  ia  consiilerahlo  when  tlio  volocity  m  high.  As  a 
matter  of  fact,  the  bullet  will  lose  more  than  32  feet  per  second  during 
the  first  second  going  upward. 

PROBLEMS  . 

1.  A  bicyclist  coasts  down  a  hill,  gaining  every  second  a  R|>eed  of  li 
feet  jier  second.  It  tikes  10  seconds  to  go  down  ;  find  the  speed  at  the 
bottom;  He  is  then  carrie<l  up  the  opi^site  hill,  losing  each  second  2  feet 
per  second  ;  how  lung  will  it  take  his  machine  to  come  to  rest ' 

2.  A  body  falling  freely  gains  j>er  second  980  centimetres  per  second. 
Find  the  velocity  at  the  end  of  2,  8,  20  seconds. 

3.  In  playing  bowls,  a  l)owl  was  delivere<l  at  the  rate  of  5  feet  per 
second.  If  it  lost  each  second  ^  foot  per  second,  how  long  before  it  came 
to  rest  ? 

4.  A  base-ball  i.s  thrown  upwards  with  a  velocity  of  60  feet  per 
second.  Find  its  velocity  at  tlie  end  of  1,  2,  3  seconds.  How  long 
will  it  take  to  reach  the  ground  jigain  ? 

5.  A  stone  sliding  on  the  ice  at  the  rate  <if  200  yards  per  minute  is 


gradually  brought  to  rest  in  2  miiiutes. 
si  conds. 


Find  the  acceleration  in  feet  and 


20.  Space  PassPd  Over.  If  we  know  the  average  speed  of 
a  i)()dy  and  the  time  it  has  liecn  moving  we  can  easily  Hnd  the 
distance  it  has  moved.  If  it  has  moved  for  5  secon'ls  at  the 
a%erage  rate  of  90  feet  per  second,  the  fi|)ace  pasHcd  over  is 
.")  X  90  =  450  feet. 


Consider  now  a  Ixxly  droppeil  from  a 

-'raw 


height  and  allowed 
to  fall  freely.  What  is  the  average  speed  during  tlie  first 
second  I     At  the  beginning  it  is  0  fe(!t  per  second,  aud  at  the 
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eml  it  i.s  32  feet  per  second.  The  incn  .use  lias  been  uiiiforni, 
uihJ  so  the  aveiiij,'.-  is  i(0  +  32)=l(J  feet  per  secon.l.  Hence, 
the  spjice  passed  over  is  1  x  16=  KJ  feet. 

It  continues  to  fall,  and  at  the  end  of  2  seconds  the  H|K'ed  is 
64  feet  per  second.  Tlie  avera^je  speed  for  the  first  two 
seconds  is  A(0  +  64)  =  32  feet  per  second,  and  as  the  time  is  2 
seconds,  the  space  is  2  x  32  =  64  feet. 

At  the  end  of  3  seconds  the  vel(x;ity  is  J)fi  feet  per  sccoml, 
and  the  averatre  is  i(0  +  {)6)  =  4.S  feet  per  second.  The  .space 
passed  over  in  the.se  3  seconds  =  3  x  48=  144  feet. 

In  this  way  we  can  calculate  the  .space  passed  over  durino- 
any  time. 

Next,  take  the  case  of  a  Ixxly  thrown  upwi^ds.  Let  the 
initial  speed  be  128  feet  i)er  second.  At  the  end  of  the  Lst 
second  this  is  reduced  by  32  feet  i)er  .second,  and  hence  the 
speed  at  that  moment  is  iM)  feet  per  second.  The  reduction  in 
speed  has  been  uniform,  and  hence  the  average  speed  durin«,' 
this  second  was  i(128-|-y6)  =  112  feet  per  second.  Hence 
durinir  this  1st  second  the  .space  pivssed  over  is  Ix  112  = 
112  feet. 

During  the  2nd  second  the  speed  will  Ih'  furtiu-r  reduced  by 
32  feet  per  second,  and  at  the  en<l  of  it,  will  be  64  feet  per 
second.  The  average  speed,  then,  for  the  first  two  seconds  is 
J(128  +  64)  =  96  feet  per  second,  and  the  space  passed  over  in 
these  2  seconds  =  2  x  96  =  l'J2  feet. 

During  the  3rd  second  the  speed  will  Ije  further  rerluced  by 
32  feet  per  second,  and  at  the  end  of  it,  will  be  32  feet  per 
second.  The  average  speed  for  the  first  three  seconds  is 
i(128-f-32)  =  80  feet  per  seeonil.  and  tlie  space  pas.sed  over 
in  these  3  seconds  =  3  x  SO  =  240  feet. 

The  velocity  still  pos.se.s.st'd  is  32  feet  per  .second.  This 
will  Ih3  lest  in  1  .second ;  that  is,  tlie  ijody  will  rise  for  a 
totil  of  4  seconds.      During  this  time  the  average  velocity 
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is  i(0  +  128)  =  04  fi'f't  [HV  secoufl,  and  the  8pnco  pasNod  over, 
or  the  heif^lit  to  wliicli  tlie  Ixxly  rises,  is  4  x  (54  =  256  feet. 

It  will  then  dt'scend,  ^^aiiiin;;  speed  in  the  .-fverse  order,  and 
will  reach  the  ground  in  4  sec,  or  8  seconds  from  the  time  of 
leaving  it. 

Ay  PROBLEMS 

yA.  A  stone  is  (lrop|>e<l  clown  i\  well  ami  in  .'U  seconds  readies  the  hottom. 
Find  the  speed  it  had  on  reaching  the  Injltoni  and  tiien  tlie  dejith  of  the  well. 
2.  A  motor-cyclist  riding  at  the  rate  of  45  miles  an  hour  is  thrown  off 
and  strikes  a  telephone  i«)le.  First,  find  his  speed  in  feet  per  second. 
Next,  find  for  hovv  long  a  time  a  l)o«ly  wonid  have  to  f.-ill  to  ac.juire  thia 
8|)eed.  Lastly,  find  the  distance  the  lM)dy  would  haveUj^all. 
1/  3.  \  stone  is  thrown  on  the  ice  with  a  sp<  ed  of  To  Wit  i>er  second,  and 
the  retardation  every  second  is  4  inclies  per  second.  Find  how  long  it 
will  move  and  how  far  it  will  go. 

j/4.  A  Inxly  falls  freely.  Calculate  the  sjiace  jwisawl  over  in  1,  2,  3,  4,  b 
seconds  ;  and  then  deduce  the  space  i«i8sed  over  in  the  Lst,  2nd,  yrd,  4th, 
6th  seconds. 

21.  All  Bodies  if  Unimpeded  Fall  at  the  Same  Rate. 

This  is  what  Galileo  proved  in  1590  by 
letting  bodies  of  various  sizes  fall  from 
the  Leaning  Tower  of  Pisa.  Now  com- 
mon observation  shows  that  a  piece  of 
hiul  falls  much  faster  than  a  feather  or 
a  piece  of  paper.  We  at  once  suspect  the 
rea.son  for  this  however — it  is  the  resis- 
tance of  the  air. 

If  the  air  were  got  rid  of,  thes(>  IxMlies 
would  all  fall  at  the  same  late.  The  long 
tulx;  shown  in  Fig.  10  is  used  for  this 
experiment.  Into  it  are  put  a  coin,  or 
other  bit  of  metjil,  and  a  feather,  and 
tlnii  by  means  of  an  air-pump  the  air  is 
removed  from  the  tube.  If  now  the  tnln" 
b''  (luiekly  turned  end  for  end  the  two 
Ixxlies  are  seen  to  fall  together. 


It< 


Fio.  10.  — Tulx-  to  »how 
•hit  a  .".-.ir.  sr.d  a 
(rilhir  fall  in  a,  vac- 
uiiin  with  tho  Muue 
•"•<lfr«tioii. 
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PROBLEMS 

I'nk'ss  otherwise  stiiteil,  take  as  tliu  iiiejisuro  of  tlio  accelenitioii  of 
gravity,  with  ccntiiuutrca  ami  secoiuls,  080  ;  with  feet  and  secomls,  32. 

1.  A  IxKly  moves  1,  3,  5,  7  feet  during  the  Ist,  2nd,  3rd,  4th  8ocond8, 
rc8j)ectively.     Find  the  average  8jiee<l. 

2.  Kxpress  a  speed  <>f  30  kilometres  fier  hour  in  cm.  per  second. 

'^     .'{.  A  h(Mly  f.tlls  freely  f<>r  (i  sccoiuln.     Find  the  velocity  at  the  end  of 
that  time,  and  tlie  bjmcu  passed  over. 

4.  The  velocity  of  a  bixly  at  a  certain  instant  is  40  cm.  per  sec,  and 
its  acceleration  is  6  cm  jwr  sec.  jier  sec.  Wiiat  will  ho  its  velocity  half-a- 
minute  later  ? 

5.  Wh.it  itiiti'il  si)ee<l  ujiwanls  must  bo  given  to  a  liody  that  it  may 
rise  for  4  seconds ! 

0.  The  Eiffel  Tower  is  300  metres  lii-li,  an<l  the  tower  of  the  City 
Hall,  Toronto,  is  303  feet  high.  How  long  will  a  l)ody  take  to  fall  from 
the  top  of  each  tower  to  the  earth  ? 

7.  On  the  moon  the  .icceler.ition  of  f,'ravity  is  approximately  one-sixth 
that  on  the  c.irth.  If  on  the  moon  a  btnly  were  thrown  vertically  upwards 
with  a  velocity  of  %  feet  jier  Becond,  how  high  w<,uld  it  rise,  and  how 
long  would  it  take  to  return  to  its  point  of  projection  ? 

8.  .V  body  moving  witli  tniifornj  acceleration  has  a  velocity  of  10 
feet  per  second.  .\  minute  later  its  velocity  is  40  feet  per  second.  What 
id  tho  acceleratiou  i 


CHAPTER  III 
Momentum,  Kokce 

22.  Mass  and  Velocity  Combined.    Lt  m  tiko  n  l.as.-  lull. 

M-hicli  wt'i<,'hs  al)(>ut  .')  ouiic-t-M,  and  a  liollow  nil.l.i-r  hail  ..f 
alxnit  tlio  saiiio  diaiiu'tor  ))Ut  wciirliin;;  only  about  ont-  oiiiuf, 
and  '  play  catcli '  witli  tlH-ni.  TIr-  j.itcli.r  may  d.-iiv.-r  tln-ni 
to  us  with  the  ,sanu>  vol<x-ity,  l)Ut  tlion-  is  a  d.-cid.-d  ditr.'it'nco 
when  we  catch  the  two  balls.  The  blow  <,'iv.n  by  the  base- 
ball is  niucli  more  iioworful  than  that  ^nvm  l)y  tin-  oth.r  ball. 
A  solid  iron  ball  j,'oin^'  with  the  same  speed  woulil  jrivo  a  still 
more  poweiful  blow  and  would  be  dan<,'erous  to  catch. 

We  say  that  the  qiunifif;/  of  mofiov  is  (greater  in  one  case 
than  in  the  other. 

On  what  does  this  (piantity  of  motion  depend  ?  We  have 
supposed  that  the  speed  was  the  same  in  each  case,  and  hence 
in  this  instance  the  difference  in  the  effect  must  be  due  to  the 
difFerence  in  the  masses  of  tin-  balls.  The  base-ball  hius  a  mas.s 
five  times  that  of  the  rubU-r  ball. 

Now  suppose  W(!  reduc;  the  sih-ihI  of  tht;  bjwe-ball.  I^t  ua 
toss  it  ^'.Mitly  but  .still  deliver  the  rubber  bull  with  considerable 
speed.  One  can  have  (piite  as  much  motion  as  the  other,  an<l 
we  conclude  that  (piantity  of  moticm  depends  on  the  ma.sH  and 
the  velocity  taken  together. 

23.  Momentum.  A  special  name  h.is  l^een  tjiven  to  thi.s 
quantity  of  motion;   it  is  called  viomtufain. 

If  the  ma.ss  of  the  rubU'r  ball  is  1  oz.  and  its  velocity  60 
feet  per  second,  it.s  momentum  would  be  represented  by 
Ix60  =  (j0.  The  ma.ss  of  the  biuse-ball  is  o  oz.,  and  to  have 
the  same  momentum  its  velocity  need  be  only  12  feet  per 
•second,  a.s  5  x  1 2  =  60. 

21 
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.MoiiHhtlllii  -=  Muss  X  Vclocif  \-.  , 

Tins  notion  of  nioini'ntnni  is  ;i  v.tv  iinpoitiiiit  one  mid 
sIkjuI.I    \>r   tlio|()U;,'lily   umlt'istcMxl. 

A  ro\\-l)o!it  iii.iy  strik.'  a  dock  licjul-on  with  consideml>le 
sjxT'd  and  <lo  little  or  no  <ljuna<,'e  to  it;  but  if  a  lar;,'e  oc-i-an 
liner  should  strike  it  in  the  same  way  the  df>ck  inii,dit  l>e  cut 
in  two.     It  is  the  nioincntuni  which  «loes  tiie  dainai'e. 

A  iMod.'rn  I'i-inch  ;,'un  tir.-s  a  projectile  of  850  lbs.  with  a 
velocity  oi  2,!»0()  fftt  jxr  second.  The  nionientuiii  is  eiioriiiouH, 
and  we  are  not  suri)iised  when  the  shot  crushes  throu<,di 
nia.ssive  fortificatiijus  or  penetrates  the  most  heavily  armoured 
.ship. 

PROBLEMS 

1.  A  in.iii  weiyliin.,'  loO  Ihs,  .-md  ruiiiuiif,'  with  ii  \flocity  of  6  feH  per 
8i'C<.!ul  cllid.  s  witli  .'i  hoy  \vei-,'liii|.,'  ••()  li.s.  ;iiia  inovinj,'  with  (i  velocity  of 
!•  foet  per  sec. .11.1.      Which  has  tlic  "nater  iiumieiitum  ? 

2.  Coiiip.ire  tho  ineiiientum  of  .i  car  wcighin;,'  oO.OfH)  kilograms  and 
moving' with  a  velocity  ..f  ;{()  kilniuitr.s  \,vr  hour  with  that  of  a  camioii- 
hall  wei.liiii<,' 'J(t.(J(»0  yraiiis  aii.l  inoviiij,'  with  a  velocity  of  50,<XJ0  ceiiti- 
luetruH  jtf  r  .si-coiid. 

_ — '  .'{.  A  i)el)hle  weii,'iiiii'j;  \  ounce  falls  freely  down  a  ininu  shaft  fr)r  8 
seconds.  ('oiiii.,u-o  its  monientuni  with  that  of  a  '-'0  lb.  weight  thrown 
with  a  velocity  of  5  feet  jter  seccjiid. 

4.  A  <;ale  of  CO  miles  per  hour  striking'  one's  hand  or  cheek  doe.s  no 
ilani.-.ije.  hut  if  tiie  ai-  i.s  laden  with  sand  ii  does.     Explain  this. 

24,  Force.  Let  ns  return  ajraiii  to  our  base-ball.  Consider 
it  lyin<r  on  the  oroinid.  It  is  evident  that  if  no  outside  agent 
interferes,  it  will  continue  to  lie  there  at  rest. 

Next,  throw  it  alon<4  the  ground.  It  rolls  for  a  while  and 
then  comes  to  re.-t;  but  the  smoother  the  ground  is,  the  longer 
it  continuis  to  move.  If  it  is  thrown  along  a  level  a.sphalt 
}>avement  it  rolls  a  much  longer  time  and  moves  much  furtln  r. 
If  we  throw  it  ahmg  good  smooth  ice  it  rolls  further  still — 
several  times  as  far  ;is  on  the  ground. 
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Wf  sfo  that  th.'  smoother  tlif  surface  is  {i.e.,  thr  Iosh  the 
friction)  the  longer  the  hall  continues  to  move.  What  woul.l 
happen  if  the  surface  wvn^  jwr/rrfh/  smiK>th  and  lev.-l.  /r ,  had 
no  friction  at  all  ?  Of  coui-se  no  one  hnn  ever  seen  sucii  a 
surface.  l)ut  we  can  easily  conceive  what  would  happen  if  we 
had  one.     The  1m»I1  woulrl  continue  to  move  at  the  same  rate. 

Suppose  the  ha.se-hall  w.-re  taken  far  ot!'  in  spac.>.  away 
from  tlie  influence  of  sun  and  planets,  and  were  thrown  iri 
any  direction  with  a  certain  spee.l,  it  would  continue  to  move 
in  that  same  direction  with  the  same  speed. 

Now  in  all  our  experience  we  liave  never  known  of  any 
iKxly  which  was  movin«r  all  the  time  in  a  sin^jle  direct i<m  witli 
a  p'rfeclly  con.stant  spee.l.  Why  not/  In  explanation  we 
say  that  some  Forre  hu.s  been  actin<,'  on  it  and  has  chaiifjed 
its  motion. 

We  can  stiite  our  conclusions  in  the  following  words: 
En-,'!/  JxhUi  vtmHnueH  i))   t7.«<  .sfnfp  of  rvsf  „r  of  nni/onn 
tint  in,,  in  „,  sf,'>ii;//it  li,„>  v„U'.xH  if  !„■  vnmpdlalhy  external 
FoKCE  (o  fhanye  its  state. 

This  is  known  as  Newton's  First  I^iw  of  Motion.  You  see 
it  is  just  a  brief  statement  of  our  experience. 

25.  Force  and  Momentum.  Just  as  we  fotmd  that  it 
re.juired  greater  effort  to  stop  the  Imse-ljiill  tlian  the  hollow 
rubber  ball,  so  it  reijuires  a  greater  eHbrt  or  greater  f,m-e  to 
put  it  in  motion.  To  throw  a  heavy  stone  requires  njuch 
great«.'r  force  than  U)  throw  a  light  one  witli  the  same  velocity. 
It  is  really  the  cpiantity  of  motion,  or  the  momentum,  whiJh 
we  mu.st  consider.  To  pioduce  or  to  dcstr  y  much  motnentum 
(in  a  given  time)  requires  the  application  of  a  great  force.  If 
V,  definite  amount  of  momentum  is  produced  or  destroyed  by  a 
certain  force,  then  to  produce  or  destroy  one,  two,  three  or  a 
hundred  times  that  amount  of  momentum  we  must  exert  one, 
two,  three  or  a  hundred  times  the  force. 
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Kmtl..  r  it  i-  ."vi.l.'nt  that  th-  rh:iu<:v  in  tlu"  ii.oincntum  of 
H  lH..ly  Nvill  tak.-  j.lac.'  in  tl.r  .lin-rtiun  in  which  the  iorvi-.  lu-ts. 
A  lallin.'  Ih..1v  cntinually  incivascs  its  nu.mentun.  8ince  the 
f,„v  r.t^.'ravitv  acts  in  the  .liivction  of  the  motion.  If  it 
is  thrown  upwards  the  n.on.cntnn.  is  c(,ntinu.illy  (k-cre.ise,! 
iMM-anse  th.-  force  is  actin-  in  a  .liivotion  opixisite  to  the 
nil  it  ion. 

We  can  Stat.-  our  conclusions  in  the  followinjj  way: 
rVM/'r  of   ,n<.,nn>t>n„,  in  .<  .'//'>'/'  tnur,  i.  im>portiovnl  fo 
thr  ;m/.'/v.s.-./  furre  awl  tid'.<  i>hur  u,  thr  <hrrr(,nn  in  u'hick 

till'  fitiri'  itr(x. 

This  is  called  Newton's  Second  Ijiw  of  Motion. 

PROBLEM 

1     \  tun  b.-in.s  tu  t..w  a  .teai.RT  ..f  n..»8s  2,000  tons  ami  in  10  minutes 

givcH  it 'a  vl.ci.y  ..f  H  f-  I"'-  — •"!■     If  *^  >"*•»  »»'-'^"  '^  •'''•^■'^'"  ^■'-"''*-'*' 
whiU  vi-!ooity  w.mia  Iwive  l.uon  given  in  this  tin.o  / 

26   Motion  of  the  Planets.    The  orbit  of  the  earth  al>out 
tin-  sun  is  an  ellipse,  which,  however,  is  almost 
a  circle.      Its  speed   is  alxjut   18A   miles  per 
•■,    second. 
i       As  wo  have  seen,  if  the  sun  (and  the  other 
/    heavenlv  Inxlies)  weie  absent,  the  earth  would 
■■'     move  along  the  strai«;ht  line  MT {Y\g.  U)  at 
„";  i..;;;"^,  earth  a  ""ifonu  rate.     But  the  sun  at  0  exerts _an 


0 


Fm 
aliout  the  Kiin 


Ih.  «u..;  th.  earth ;:  attractive  f\»i-ce  on  it  aud  produc.;s  a  motion 


at.w.  towards  0,  /.'•.,  in  the  direction  of  the  force.' 

Th.-  earth  continually  t.-nds  to  nK)ve  along  the  tangent,  hut 
the  force  towards  thJ  centre  is  just  enough  to  cause  it  to  bend 
into  its  elliptical  orbit. 

27.  Action  and  Reaction.  Let  a  cord  be  attached  to  each 
end  of  a  spring  balance  and  let  two  boys  take  IkjLI  and  pull  in 
opposite  directions  until  tlie  balance  shows  a  tension  of  (say) 
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20  |M»uii<ls.     It  is  .A  i<l»'nt  tliat  thf  i>ull  of  the  first  Imiv  on  tlie 
Ht'Coinl  is  pret'iHfly  i'<iuul  to  tlu'  pull  of  the  hocoikI  on  tho  first. 

If  tlit^  wcoiul  l)oy  tits  his  coni  to  ii  post  lunl  the  first  lM)y 
pulls  n<jiiiii,  it  is  eviih'ut  thiit  the  ixjst  will  pull  the  l>ty  just  tt» 
ijiuch  us  the  l)oy  pulls  the  iH)st. 

If  11  iM»le  of  one  ma^'uet  ttttrncts  a  jxile  of  a  s«'CoiuI  niaj^jet, 
the  latter  exerts  aii  equal  attraetion  on  the  first.  We  cannot 
(let«'ct  any  niaU-rial  cords  or  nxls  conn.'ctin;,'  the  two  ])oles, 
but  it  is  prohahle,  nevt-rtheless,  that  tlure  is  something'  in  the 
space  lM-tween  the  two  |K>les,  wliich  has  to  do  with  the  action. 

Aj^ain,  if  yon  jump  from  a  row-l)oat  you  must  Ix;  careful  jus 
the  lM»at  <,'oes  hack  while  you  j,'o  forward 

We  can  state  a  jjeneral  principle  which  embo<lies  all  the 
alxne  observations,  thus : 

To  eni'ii  action  tliert'  is  ulw<iy»  nn  rfjitnl  «>»</  i,pp(mte 
jr-iirfion. 

Tliis  is  known  as  Newton's  Tliird  Ijiw  of  Motion. 

28.  Experimental  Illustration  of  Action  and  Re-action. 

Suspend  two  exactly  similar  ivory  or  steel  balla  side  by  side 

as  in  Fij,'.  12.     Now  draw  A  aside  to 

C  an<l  let  it  go.     On  striking  Ji,  A  is 

at  once  brought  to  rest,  while  ii  starts 

off  with  a  velocity  e(|ual  to  that  which 

A  had,  and  it  swings  out  to  />.     Here 

we  may  consider  the  act  inn  to  \Hi  the 

forward  movement  given  to  Ji,  while 

the  re-action  is  the  equal  momentum 

in  the  opp<xsite  direction,  which  just 

brings  A  to  rest. 

Suppose  now  we  use  soft  wax  balls  which  will  stick 
lide.     In  this  Ciise  thev  l)oth  move  off  ^ 


i'^ffl'^^'imm^ti^v.m 
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Fio  12.— The  action  ot  A  on  B 
in  e<|ual  to  the  rc-action  of  B 
on  A. 


gether 
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,alf 


the  velocity  which  ^1   had  on  .striking  B.     Ilcru  A  gives  up 
half  its  momeutunj  fln<l  Ii  takes  it. 
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PROBLBHI 

1.  Whtii  nn  apple  falls  to  th«  j{rouii(l  doe«  the  earth  rise  Ut  meet  it? 
If  it  (liM'H,  wliy  <l<»  wu  not  h«o  it  I 

2.  A  ritlo  Wf  ii,'hiii«  8  Urn.  iklivcrs  a  hullet  weighing  1  ounce  with  a 
vel<K.ity  of  1,500  foot  |K;r  accoiui.  Find  the  vehcity  with  which  tho  gun 
recoiltt, 

;i.  A  hollow  iron  uphorc  in  filled  with  gunpowder  and  exploded.  It 
biirHtsinto  two  parts,  cue  part  l>eiiig  one-pwrtiT  «if  the  whole.  If  the 
vel.Kjity  of  tho  larger  part  i»  20  feet  i>er  Hocond,  what  is  the  vehwity  of 
the  other  I 

4.  If  tho  sphere  //  (Fig.  12)  has  a  niaas  twice  as  great  as  A,  what  will 

imppuii  (u  wi>«"  '^  «"»'i  f^  a™  "f  '^'"■y '  (-)  *''**"  ^''"-'y  ""'"^  '**'"''*'y  ''""^  ^ 

29.  Combination  of  Forces.  If  two  forces  act  on  iv  Ixnly 
in  thf  siune  <liroction  wo  simply  n<M  thenj  to;;('ther  to  get  tlio 
coinl>int<l  ctr.'ct.  If  IIk'V  act  in  the  .same  line  l.ut  in  opinwite 
(liiections,  we  simply  subtract  them  ;  but  if  i  ey  net  at  an 
anjjle  the  nsultaiit  is  not  so  easily  determined.  It  can  Ix) 
found,  however,  in  the  manner  illustrated  in  the  following 
exercise : 

Exercise    Find  the  rcBultant  of  two  forces  acting  at  a  point 
(Parallelogram  of  Forces). 

AlTAKA riH  :  —Spiiiiij  fxilani-e*,  snutll  it)uj,  cord. 

Fasten  three  cords  (fisli-line)  to  a  Hinall  ring,  and  hook  Bpring-Vjalances 

on  tho  other  ends  of  the  cords  (Fig.  13).  By 
means*!  pins  in  the  top  of  the  table,  over 
which  tho  rings  of  tho  balances  may  Ihj 
pbvced,  or  in  any  other  convenient  way, 
exert  force  on  tho  Iwilanees  so  that  the  cords 
are  uiuUr  considerable  tension.  The  balances 
Bhould  move  fne  of  the  Uible  top. 

Pin  a  sheet  «if  i«per  under  the  strings 
and  mark  a  dot  precisely  at  H,  tho  centre  of 
the  ring  ;  also  make  dots  exactly  under  each 
string  and  as  f.ir  from  R  as  possible. 

Rend  e.u-h  Imlance,  then  remove  them. 

With  great  care  dniw  lines  from  li  throiigii 

tlu'  iK.ints  under  the  coids,  and   m  those  lines  take  distances  i.roportional 


Fio.  IS.— niacram  illu^tnitinif  the 
puralUiotrraiii  of  torcen. 
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ti>  the   tviiNioiiH  of  the  c<>rrt'«|i<>ii<liiiK  ttriiiip*.     TIiiib  if  the  teiuioiia  be 
1,000,  1,:><)0,  2,0(N)  ^.atiiH,  take  leiii{th«  10,  15,  20  cm. 

Uiting  nny  two  nf  thnne  linen  n»  a<lj/icent  union,  complete  a  j>«r»lleh>- 
gram,  tnkiim  i-nr«  to  hnvn  the  upnoMit*-  Mnli-siu'ciirHtfly  |tjirnllul.  Draw  the 
iliH^'oii.-kl  U-twotii  thi-se  AJileH  aikI  ci  '  fully  iiiuMure  it«  length.  Cumparo 
it  lu  tu  length  an<l  direction  with  the  third  line. 

From  this  t'xp«'riinf nt  we  fiinl  tliat  if  two  forces  act  upon  a 
bo«Iy  and  wo  njinst-nt  tluin  it>  n«a;;nitu<le  and  direction  by 
two  liiu'H  drawn  from  a  p<»rnt.  tlu-n  tlie  n'stiltant  of  the  two 
foreeswill  Ik-  represfntcnl  l>y  the  diufjoniil  of  the  j>arallelogr»ni 
which  has  thu  two  lines  an  adjacent  Bides. 
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("HAPTKK    IV 

(llt.\VITATIO\ 

30.  The  Law  of  Gravitation.  Tlun-  is  noiliin;,'  which  w.- 
art-  iimrt!  ciTtiiiii  of  than  lii:it  u  hoily,  if  iiusupiiortcd,  will  fall. 
Th(!  nasnri  \\r  ii.ssii,'u  U>r  it  is,  that  the  tarth  attracts  all 
InMlifS  to  itsc'i". 

Ddwii  in  (lur  d.-cpcst  iiumcs  tin-  farth  still  attracts  ho.lifS 
tdwards  its  cciitri',  and  no  halloon  or  a<'roj)laiH!  ris.-s  so  hi-li 
that  the  earth  dots  not  puU  it  hack.  Ih)\v  fai-,  then,  docs  the 
earth's  attractive  fori-';  cxt'-nd  ^  Docs  it  reach  as  far  as  tho 
moon,  which  is  ahout  24ii,00()  miles  aw.ay  ' 

\V.  helieve  that  it,  docs.  Ncwtui  showed  that  the  attraction 
of  the  earth  would  .iccount  for  the  motion  of  tlie  moon  al.otit 
it:  and,  indeed,  that  tin-  attraction  proceeding,'  from  tin-  stm 
would  accotint  for  the  motions  of  the  earth  and  all  the  other 
planets  in  their  nrhits.  'I'his  force  of  attraction  is  called 
(fra  I'ltiil  mil . 

31.  All  Bodies  Attract  Each  Other.     Let  us  pick  up  two 

stoni's  from  the  earth's  surface,  one  in  each  hand.  We  know 
that  the  earth  attracts  them  as  it  reipiires  a  muscular  etl'oit  to 
overcome  tlieir  wei;,dit.  The  tiuestion  naturally  rises,  as  we 
h.dd  the  two  stones  ])efore  us,  does  each  stone  attract  the 
other!'  Nowton  state-1  tlij-.t  "//  //<«/;,■.>■  (';*  iJir  luiirrrse  (ittr<i,r 
nu'Ji  of  III  I'. 

Suppose,  then,  that  wi>  jdace  two  small  perfectly  ma<K'  steel 
halls  on  a  smootli  level  surface  (Fij;.  1-1-). 

• •_ If  Newton's  statement  is  true,  wliy  do 

Kw.  11.   T«o»Mj:iii  tails ,.M      jj^^^  jii^.  ^,,^|]j,  ^,,,„,.  tnjrether  { 

The  reas(;n  is,  the  force  of  attraction 
between  them  is  so  small  that  it  cannot  overcome  the  friction 
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of  till' s-art'aro  oil  wliicli  tlif  l>.ills  nst.  Siiji]"!-...  tin'  iiias>  of 
i-ac'li  li.ill  to  lif  I  ^l■aIil  ami  lliai  tln'ir  ••iiitit-  ai<'  1  cm.  apail. 
Tlii'ii  tlic  allia('ti>'ii  lii'twf.ii  till-  twills  is  r.jilly  m*  small  that 
wi-  caniiot  coiic.ixc-  ((f  it.  l>ut  li't  lis  rr[)r.-.iiit  it   liy  1. 

Siijipos.',  iit'Xt.  tliat  f'lr  oil''  Icill  \\i-  siili-t  !i  nil-  aiiotlifc  of  "2 
;;rams  ma^.s.  'I'iir  alt  la'-Mnii  is  (l.iiiMr.l  (,r  is  2.  It'  lor  tin" 
sfci)ii<l  liall  al^o  \\f  siil)-l  it utc  one  of  two  ;,'i:ims  mass,  tin' 
attiMftioii  will  1m'  (loulti'il  apiin,  oi-  it  will  lie  iJ  x  2 ---  !■.  If 
till'  iiia.sscs  of  till'  two  lalU  air  !<>  ;,frams  and  1")  ^M'aiiis, 
r<'si)fctivfl\-  (til"'  ilist.iiii-r  iMtwicii  tliiir  crnti.s  still  liciii"' 
1    iMii.).   til''  attraction   lutwciii    tlnin    will    Im'    lH  x   \-)  —   \'A). 

Next,  I''t  lis  coriNi'lcr  till'  I'liict  i'\'  SKjiiiiat  iuLT  ''"'  two  lialls. 
L'l  tlii'ir  ili>lanc.'  anart  lie  iiiai|>'  "2  cm.  i'li-  ii  tli"  atliaction  is 
lilt  .',,  l)Ut  [;  if  till'  <ii~>tanc«'  is  ;'•  cm.,  the  forci'  of  at  tiai-t  ioii 
is  ,',  :  if  til'"  'lisiancr  is  fn  cm.,  t!ic  force  liccuiii'-.s  ,ou-  "'""1 
so  on. 

'l'lio!i'.^li  til"  atfraotioti  between  oiilinaiy  masses  of  matter  is 
viTV  sma!!,  yl  it  has  1». m  mea-nieil  many  tiiii'  s,  and  the  l.iw 
which  has  just  l>een  explained  lias  lieen  shown  to  lie  tnie. 

32.  The  Weight  of  a  Body.    Con- 
sider a   mass   ;,■(   ;it  .1,  i  n  the  e.iiths         ^^ ^\ni 

surface.  'I'll-' attraction  of  the  eafih 
on  this  ma^s  is  what  we  cill  its 
ir.'nilit.  if  //(  is  ii  j)ound-ma>s,  the 
attraction  of  tin;  e.irtli  on  it,  oi-  its 
wei(dit,   is  a  poimd-foire :     if   it    is   a    .      ,.""'~;       '.       ,  , 

'^  '  _  fi'i.  1,).— .\Urai  tion   of  the   earth 

fl-am-nULSS,  the  attraction  is  a  trraill-  onaniaiwoii  itHsurtacf  an<Jal»<i 
•"  ^  t«icea«lara»a\  from  thcctrurc. 

force. 

Now  it  can  he  proved  that  u  sphere  attracts  as  tliou;^li  !ill 
the  matter  in  it  were  concentrated  at  its  centre.  Consider, 
then,  the  earth  as  coiicentrateil  at  ('  and  tha'  //;  is  a  poiind- 
]n.i.s:s  at  ..1,  4.'H>0  mliis  Ironi  C.  Thi-  .itlracliou  tni  it  i.s  1 
pound- force.     Next,  imai,dne   it  taken  out  to  Ii,  a  distance  of 
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■S.OOO  miles.  Till' attr;i<-ti()ii  of  it  is  now  j  of  ii  poinvl-forrt'.  If 
it  is  n'liioM  i|  to  12.000  iiiil.s,  <,)•  :',  tiiiirs  as  far,  the  attraction 
is  J,  ;  aii<l  so  (111. 

Thf  moon's  (liainclt'r  is  "iKirj  miles,  its  density  is  about  /g^ 
that  of  tlic  earth,  ami  it  is  fouinl  that  gravitation  on  t)ie  moon 
is  on  I V  ahout.  ,',  that  on  the  earth.  Hence,  if  we  could  visit 
the  moon,  retaining;  our  musculai-  streii^rth,  we  would  bo  ahlo 
to  lift  a  TiOJ  ill.  mass  as  easily  as  a  ')0  lb.  mass  licrc.  If  we 
shotiM  jilay  base-b.ill  we  would  find  that  to  thrr)W  a  ball  with 
a  velocity  of  oO  feet  j)er  second,  or  to  stop  if,  would  ro<|uire 

just  as  much  effort  as  here  (»n   tl arth,  but   the  ball  would 

travel  .six  times  as  far  before  comin;^  liown  to  the  surface. 

PROBLEMS 

1.  If  tlio  (sirth's  mass  wen-  dnulded  witlidiit  any  chaiip'  in  its  diiiieii- 
.siniis,  liuw  winilil  till'  Wi'ii^lit  iif  a  ji'Hiipl-iiia.ss  vary  ? 

Ciiiilil  eiic  ii.s"'  enliii  iry  lial.iiicrs  and  tin-  same  Wfivjlits  nn  \y  use  now  ? 

2.  Find  the  wci.dit  .if  a  liedy  -.f  mass  100  kilo-raiir;  at  ('.,000,  «.0OO, 
10,0<IO  milos  fieiii  till-  t.irtli's  centre. 

:?.  The  .ittraetiun  of  the  earth  eli  a  ii'  s.s  at  one  of  its  poles  is  prealer 
than  at  tlie  eiiiiater.      Wliy  is  tliis? 

4.  A  s]irin„'-l(,ilani'e  \\i  u!d  Iiave  t.>  )>e  ii-e  1  to  eomp.ire  tlie  weiiihl  of 
a  ))o<ly  on  the  sun  or  the  nioou  with  its  weight  on  the  eartli.  Explain 
why  ? 


CHAITKR  V 
Work  ani»  KsKKiiV 

33.  Meaning  of  Work.  Supposi;  wo  <li>iw  water  from  a 
cistern  l»y  mwins  of  a  l)ucket  on  tln>  t'lul  of  ii  rope;  in  <loin;^ 
this  we  feel  that  we  do  a  certain  anioiitit  of  woik.  Similarly, 
when  bricks  or  other  materials  are  hoist eil  ilurin*;  the  erection 
of  a  l>uil«Jin<,',  work  is  ilone.  Ai,'ain,  when  land  is  plou^'hed,  or 
when  a  blacksmith  tihs  a  piece  of  iroi.or  when  a  carpenter 
planes  a  Ijoard,  work  is  done. 

If  we  analyse  eju^h  of  thesi-  casi-s  we  find  that  there  are 
always  two  fiU'toi-s  which  enter  in  the  performance  of  woik, 
namelv,  loirr  t.n'rf<''l  and  sjhirr  throi';4h  which  it  is  exerleil. 

In  the  case  of  the  water  and  the  biiildini;  material-  le 
forci!  exerted  is  just  sutficient  to  overcome  the  attractioi  -i 
the  earth,  i.f.,  their  weight  ;  while  in  the  other  cjvses  sutHcietit 
force  is  exerted  to  c'au.se  the  plough  or  the  tile  or  the  plane  to 
move  forward. 

In  eiich  case  the  force  acts  throujjh  acertiiin  space — namely, 
tliat  throu«,'h  which  the  water,  the  bricks,  the  plou<,'h,  tlie  file 
or  the  plane  movi'd. 

Work  done  —  Force  exerted  X  Space. 

34.  Units  of  Work.  In  measuriiif;  work  we  must  cliooso  a 
unit  of  foi-ce  ami  a  unit  of  length,  an<l  these  may  be  a.s  large; 
or  small  as  we  please.  If  we  take  as  tinit  of  force  a  pound- 
force  and  as  unit  of  length  a  f<K»t,  the  unit  of  work  is  a 
foot-pound.  If  we  take  a  ton  as  unit  of  force  and  a  yard  as 
unit  of  length,  we  shall  measure  work  in  ton-yards. 

If  2,0W  pounds  m-vss  is  niis.-d  tlirough  4>)  feet,  the  work 
done  is  2,000x40  =  80,000  foot-iwunds. 
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H-2  \\«ii;k   an  I)  i;.\i:i.i.v 

If  .■)  't  kiiii;_ri'iiiis  ,(iv  ral-' '1  tliroiijli  20  iiictr.  s  tlif  wuik 
il.pii.'  i>  .")IIM  X  li'i    ^  10  0(1(1  ki|..^r|;,iii-iih  !  res. 

Siinilaily  t' ■!•  .my   ulliir  units  wc  el ->•. 

35.   How   to   Calculate   Work.     A    ii.ilt'-l.a;:  cf   ilMur.   41» 

]Miiiiii]s.  lias  ti)   111-   cariii''!    i'ruin   \\i<-  t'owt  t')  tlic   lop  of  a  clitj', 
wliicli  has  a  \i  riica!  t'acr  ami  is  ,"()  i'lit  lii;ili. 

Tln'f.' an- t liii'i'  |i  itlis  iVoin  t!h'  lia^,-  t.i  tin"  sniiiiiiil  of  tin- 
clil!".  'I'll"  tir>t  is  l.y  way  of  a  Mitirtj  laiM-T  fast'ii''il  to  tin; 
fan'  of  till-  cliti'.  Till'  scToiid  i-,  a  yJ'^/.-i'j;  path  l.">0  fnt  lon^f, 
aii'l  till'  thii-<l  is  al>o  a  zi^'-za:,'  I'oiitr,  -1-00  fc.-t  lou^-. 

Il'i'c  a  ]i"is(iii  iiiii,'ht  stiMp  th"  iiia-s  to  he  can-ii'il  to  his 
hack  ami  clinil)  \t  itically  up  tin-  hi'Mcr,  or  takf  (ither  of  the 
otlnT  two  iMiitis  'I'iic  (listanci's  passed  thfouixh  afr  .jO  feet, 
!.')()  fci 't.  l-i II I  fri't,  rcsprctiv.'ly.  l)ut  tin-  fisult  Is  thf  same  in 
thr  cml,  the  iiia-s  is  i-aisni  throUi^h  .')!)  f.tt. 

The  force  re(|uireil  to  lift  the  mass  is  41'  jiouii'ls-forre,  ami 
it  acts  iu  the  vertical  <iirection.  The  ilisia^ice  ///  fl,in  i/i mf ioii 
thi-oU;^di   which   the   Ixx'y   is   uioveil   is   ."iO   feet,  jiikI  therefore 

the 

Work  ==  4!>  X  .')()  1^  -i.trjO  foot-pounds. 

Aloll^•  the  7.\^^-/.:\'^  paths  tl tl'Mi't    i-eipiirei|    to  carry  the 

mass  is  not   so  i.'-reat,  liiit    the   length  ot"  path  is  ;^Mvater  and  so 
the  tol.il  Work  is  the  same  in  tlie  end. 


PROBLEMS 

i.    I""iii(l  till'  wiirk  (leiic  ill  eXfitiriL:  .1  fnrii>  nf  1,(MMI  grimis  thr'tuiih  a 

•SIUlil'   iif    1     IllltIC, 

'J.  A  lileck  <•(  sioiu'  rests  oil  ,1  Jiiiri/,.riit;il  |i;iveineiif.  A  spriii'^'-hal.iiu'e 
itiseiteil  ill  ;i  !.>]„■  ,itt;i(liiil  ti>  if,  sliMws  fh.it  to  dr.i^'  tlio  Mtuiio  rriiuiros  ii 
foice  c.f  !•(>  j.euiids.      If  it    is  dr.iu'u'c'l  t liteii|_'li  'JO  fi'ft.  wliat,  i,s  tlie  wi.ik 

.!l..!!f  '. 

.">.  Till-  \viii,'lit  ef  a  |iil.' iliiviT.i-f  "J.^tMi  ]MiiiniU-iiiiiss,  .v;is  raised  tliroiigh 
'Jttfoot.      Mow  iiiucli  Work  was  roiiiiircil  ! 


-  -lJwh'jniH"tai»_ 
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4.  A  coil-Hprini,',  ).  itiirivlly  :;(>  t»niiiii<trfH  l.nii.',  is  fnmpro.Hse.l  until  it 
is  Kt  Lvntim.-tr.s  In-,  the  av.r.iut-  f"icf  fxtrte.l  Loiiij^  1.'<M»  grams.  Find 
tiio  work  (li'iio  in  kilnyiaiii  iiiftr«-.s. 

5.  Two  mm  aro  luttiii','  l<«gs  with  ft  crofw-cut  saw.  T<>  m«.vo  the  si'vr 
recniiris  a  fcito  i.f  .")<)  iiuiinils.  and  50  strnkcs  art;  made  jut  minute,  the 
kn'^tli  of  each  l>eiiij,'  2  feet.  Find  the  amount  of  work  done  by  each  nmn 
in  one  lionr. 

t;.  To  piisli  liis  c.irt  a  lianana  nmn  muHt  exert  ft  force  of  .".0  pounds." 
11. .w  much  work  docs  he  do  in  iravellinu  '2  miles  ( 

36.  Definition  of  Energy.  A  lo;:,  known  as  a  \)\U\  the 
low.T  eiiil  of  wlik-h  is  pointed,  stan.ls  upri;:ht,  and  it  is 
.Icsired  to  push  it  into  the  «'arlh.  To  do  so  le.iuire.s  a  great 
force,  and  therefore  tlie  perfonnance  of  i^reat  work. 

The  method  of  <loini,'  it  is  familiar  to  all.  A  heavy  bl<X'k 
of  iron  is  raised  to  a  eonsiderable  heit,dit  and  al'owed  to  fall 
upon  the  top  of  the  loj,',  which  is  thus  pushed  downwards. 
Sueeessive  blows  drive  the  pile  further  and  further  into  the 
earth,  until  it  is  down  far  enouj,di. 

In  this  case  work  is  done  in  ihrustin;;  ihe  pile  into  its  place, 
and  this  work  is  supplied  by  the  pile-driver  wei^dit.  It  is 
evident  then,  that  a  heavy  ]>o<.ly  raised  to  a  lieii,dit  is  able  to 
do  work. 

Altilifi/  to  <l<>  irnrk  is  ealled  Kn'EU<;v. 

The  iron  bl(X-k  in  its  eh-vabd  position  has  oner«ry.  As  it 
descends  it  <,'ives  up  this  hi;,di  position,  and  accpiires  velocity. 
.Just  before  strikin;,'  the  pile  it  has  a  g.-.'ut  velocity,  and  this 
velocity  is  used  up  in  pusliiii;^  the  j)ile  into  tlie  earth.  It  ib 
clear,  then,  that  a  IxxJy  in  motion  al.so  po.sHesses  energy. 

We  sec,  (lius,  that  tlitre  are  two  kinds  of  energy  : 

(1 )  Eneriry  of  posilit)n  or  i><>(>iil  iai  energy. 

(2)  En»rgy  of  motion  or  Livetic  energy. 

37.  Transformations  of  Energy.  Erurgy  may  appear  in 
diH'erent  forms,  but  if  clo.sely  analysed  it  will  Ije  found  that  it 


I 
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Ih  ulwiiys  fitln'r  «'ii<'rt;y  of  position,   i.e.,  potential  ciicrpy,  or 
encT}^}'  of  motion,  i.t'.,  kiiittic  eiuTt;}'. 

The  various  efft-cts  (hu-  to  li<iit,  li;;lit,  soun<l  and  dfctricity 
are  nmnifestatioiis  of  energy,  and  one  of  the  i^reatest  acliieve- 
nients  of  ino<leni  scieno*}  was  tiie  <lenionstration  of  tlie 
Principle  of  the  Conservation  of  Kner<rv.  Aeeonlinir  to  this 
doctriiie,  t  lit',  a  inn  iolol  nfthe  furri/if  i  i)  fhe  Hnir^rsf  riniiiiiin 
the  siiine.  It  niav  change  from  one;  form  to  another,  hut  none 
of  it  is  ever  destroyed. 

A  iK'nilulum  iMustratcs  well  tlu;  transformation  and  con- 
servation of  enerj^y.  First  let  it  liantj  at  rest.  Then  take 
Iiold  of  ihe  ])ol)  and  [)iill  it  aside.  In  doing  so  the  liol)  is 
raise<l  and  yon  give  j)otential  «'nergy  to  it.  Now  let  it  go. 
As  it  falls  it  gra(hially  gives  up  this  puteiitial  energy  and  at 
its  lowest  point  this  potential  energy  is  entirely  changed  into 
kinetic  energy. 

38.  Matter,  Energy,  Force.  There  are  two  fundamental 
propositions  in  physical  science: 

(1)  Matter  cannot  be  destroyed. 

(2)  Energy  cannot  he  destroy. 'd. 

The  former  lies  at  the  bjisis  of  analytical  chemistry :  the 
latter  at  the  basis  of  physics.  It  is  to  be  observed,  also,  that 
matter  is  the  vehicle  or  receptacle  of  energy. 

Force,  on  the  other  hand,  is  of  an  entirely  different  nature. 
On  pulling  a  string  a  force  (tension)  is  exerted  in  it,  which 
completely  disiippears  when  we  let  it  go.  Energy  is  bought 
and  sold,  force  cannot  be. 

39.  Power.  A  man,  unaided,  might  perforin  the  great  work 
of  'excavating  100,000  cubic  yards  of  earth,  but  it  would  take 
a  long  time  to  do  it.  If  we  wish  to  have  it  done  (juickly  we 
must  employ  greater  j^oitrr,  or  activity  or  7-ate  of  doimj  work. 


POWER 
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A  macliiiH-  is  ratcl  as  of  1  fi(>rx'--i»>\rt't'  if  it  nin  ilo  .'?:{,()0(> 
f()()t-i)OUn<ls  of  work  jitr  inimitc,  or  ').')(•  fnot-poumis  p.-r 
second. 

In  cjik'ulatiii;;  tin*  power  of  an  electric  (lyiiaint>  it  is  foutui 
inort!  convenient  to  use  imotlier  unit  known  as  a  (/•<»//,  and  1 
kilowatt  =  1,000  watts. 

Also,  it  is  foun<l,  tiiat  740  watts  =  1  lu)rse-|X)\ver. 

PROBLEHS 

1.  An  engine  i^  iihlo  to  hoist  a  tmcket  frutn  tin;  l.-.tt-'ni  <>f  h  mine  400 
fei^'t  .le»-j)  once  every  minute.  If  e.uli  loa.l  is  l.<MtO  ik.iiikI.s,  tin.l  the  horse- 
jiiiwer  of  tlie  engine. 

2.  A  laJxxirer  <lig!,'ing  a  ilniin  ihrnvvH  ui.4  shovelfuls  ji  minute,  riiising 
it  .1  height  of  «!  f.et.  If  the  .ivenige  weight  of  e.ich  shovelful  M  -'0  iM)undH, 
fin<l  his  nito  of  working  in  horsepower. 

X  A  dynamo  i.s  rated  as  40  kilowatt  ;  find  the  equivalent  of  thit*  in 
liorse-iM>wer. 


"^•Vi%"  •'51^:  "T^ipr^TrJ?^^-^-^^ 


CHAITKU  VI 

("KNIKI;    it    (iU.WITY 

40.  Definition  of  Centre  of  Gravity.      Ilacli  jHirtide  of  a 

Ixiiv  is  att  lacti  (1  I  >  l!ic  faith  1)\-  fia\  itatinii.  Tlif  dirt'ction 
of  i-acli  little  i'nicr  i>  tuwauls  tlir  cciiti'i"  of  tin-  oartli,  and 
ln'iK'i'  t!ir  lines  of  actiou  ai»'  not  absolutely 
]iaiallel.  |!iit  tl.e  angles  l)et\veen  tliein  are 
s<»  \.iy  sin.iU  that  we  iiNiially  speak  of  the 
\vei;_'Iils  (.1'  tlie  xaiioiis  partli'les  as  a  set  of 
f)arallel  I'mic.  s. 

'I'lM'  Mini   of  all   these  little  forces  is  the 

.•ilK)<ly:i.ls.,i  Use  Mliu         W'll^ht    ol    ill'     lniii\-,    ailU     //"'   jnnilf    (l    (  r  1^- 
of  yrfivii\ .  ■  '..  .  1111 

hi)     trill  i-r     Uir     iliii/lif     ilit.-<     is    nillnl     tliP 

VVSIWY.   <>1'   CIJAVI.V    if  til'    hi'ili/.       If   the    Iniily    he   siH)porte<l 

at    liiis    jiiiiiii    i'.    will    ie>t    in    eijiiililr,  ium    in    any    position, 

that   is,  if  the  IkkIv  is   ninvetl   ahmit    into  any  position  it  will 

stay  there. 

41.  To   find    the    Centre    of    Gravity    Experimentally. 

Suspend  the  h(H]\-   liy  a  cord  attaciied   to  any  point  .1   ofit. 

Then  its  W('ij,dit  aetinu'  at   <r   and    th((   tension  of  the  stiin;,' 
aci  iiii;  upwai-fls  at    .1    will    rotate  the   Ixwly  until 
the   point    (r  collies  directly   heiieath   J.andlhe 
line  (»  ir  is  coincident    with   the  direction  of  the 
snpportinu'  cord  (  i'i'^  17). 

Thus  if  the  lioiy  is  suspended  at  A,  and 
allowid  to  CI  line  to  rest,  the  tlirection  of  the 
siipportine-  cord  will  p;uss  throu>ih  the  centre 
of  oravity. 

Next  let  the  hody  1-  suspended  at    J}.     The 
direction  of  the  siippoitinj;  cord   w  ill  a^^•lin  jiass 
tliroutdi  the  centre  of  i^ravity,  which  is,  therefore,  wdiere  the 
two  lines  meet.  36 


Km.  17.  Ilnw  to 
till"!  iIk-  itntre 
of  (.'ravity  of 
n  l)o<)y  of  any 
form. 
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Exercise— Find  the  centre  of  gravity  of  a  flat  body. 

Ari'\K.\'l't'>'  :      I'i'ir  '•/  .«'(<./  \n'),il  ,,r  fliin  lnHinl,  .«.(//,  sniiil!  \rri  iht. 

Kii'^f,  piimli  ;i  li'ili!  at,  twu  |iuint.s 

A,   li  (Fiy.  IH),  m:ir  tin-  i'il.,'o  of  ilio 

Ixxly.       Stiiinort    tlio    liiidy    .'it    .1     liy 

nit-aii.s  of  .'i  |iiii  i>r  iv  nail  (li'i\t'n  in  tlia 

wall,  mill  f^>iii  tliu  |iin  lot  aconl  liaii;^' 

down  wirh  li  siii.-iil  w»-ii,'lit  <m  its  c'liii. 

Chalk   till!  fonl  fiiiil   then  snap   if.  on 

tlu!   jihito  :    it   will    u.akc  a  white   lino 

ftClOSH    it. 

Ki..  ;><!  Ki...  l-h 

Next,    support    till!    l)oily    fr   ni    /<      lUw  to  lin.l  iht  cMitre  of  travitj  of  a  fl»t 

(Fii^.  lX',)anilol)tain  aiiotlRTeh.iik  lino. 

At  '»',  tiio  point  of  intcrHi'fiion  of  tlicso  two  linos,  is  tlu!  otiitro  of  gravity. 

42.  Bodies  of  Simple  Form.    The  viuUx-  of  t,'ravity  «.t"  .some 

li'Mlics  i)\'  siinplf  fi)nii  can  oftoii    k' 
.  r  "^     <l<<lut'e<l  from  j^jeoniftrical con.sidfia- 

Km.  1;>  — CtMire  of  •.•ru\  il\  of  a  tiiill.S. 

iiriifdrin  rut. 

For  a  straiijlit  unifonii  bar  AB 
(Fi<'.  10),  the  contro  of  <rravity  is  miilway  l)et\veeu  tlic  ends. 
For  u  ])aialleloi;ram,  it  is  at  the  intersection  of  tlie  (lia;;oiials. 
(Fi;;.  20.)     Fur  a  cube  or  a  .spliere,  it  is  at  the  centre  of  figure. 


C. 


Fill.  'JO  -Ciiiir.  of  ((r.-nil>  i.f  :i  iiarallilo^r.im  ami  a  lriaiix^< 

For  a  trianjfle,  it  is  where  the  three  me<lian    lints  intersect. 

(Fi-  20.) 

Exercise— Find   the  centre  of  gravity  and  the  weight  of  a 
graduated  rod. 

Ijiiy  the  roil  on  the  etlge  of  the  pri.sin  (Fig.  21)  and  observe  thegradu- 
r      F      ^W  .Ht ion '' where  it  1»alaiioo8.     Tlio 

^  '       eontro  of  gravity  is  at  this  place. 

"~~"~~~"    Next  rest  the  rml  on  the  prism 


2s: 


F:''.  21— Kiau'iii^  the  centre  of  ({ravity  of  a  roii         ;it   aiiotlior    place   in  it.s   length, 

and  its  weiiiht.  ,  ■    i  ^    ii'     i  -j. 

and  niove  a  woiglit  if    along  it 

until  it  balances  again.      Now  the  weight  of  the  rod  may  be  considered  as 


:is 
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.■ictiiij;  at  ('.      H(,in-'i'  the  wciglil  nf  tin-  fxl  actiiij^  at  a  iliMlaiicc  CF  ir<>m  F 
bal.iiictis  tho  weii,'lit,  H' aftintj  at.  tin;  <listjnice  WFfmin  F.      ilfiicu 
Woi-ht  of  r.'.l  X  CF  -^  wi-ight  W  X  UF. 

Froiii  tlio  gnuln.-.tiMiis  <iii  tlio  rml  (ur  l>y  iiicasuriny  ,  tho  distaiicH'  ('F 
ami   irZ-'an-  nhtaiiuil  ainl  tin-  \vi-ii,'lit  of  tlic  rml  can  l>e  tleiliict-d  at  once. 

Vary  the  wci'.'lit   FT  aiiil  tlic  <listaiict'  n'Faml  ohtaiii  at  least  5  rosnltH. 
Arraii'^'o  tlunii  in  a  tahir  anil  taki;  tin*  aviTagu.  « 

43.  Condition  for  Equilibrium.     For  a  hrxly  to  nst  in 
f«|iiilil»riiiin  on  a  |»l.iii<-,  tin-  liiif  of  action  of  the  weij^lit  must 


Fm.  22.  -.1  and  I'  are  iii  Ktalili-  ('<|iiillliriiiiii  ;    li  U  not,  il  Mill  ti>|>^le  o\cr  ; 
U  i»  in  the  critiial  |Hmition. 

fall  within  tlio  supportinj^  b}l.s(^  which  is  tlie  space  within  u 
cord  drawn  alxjut  the  points  of  support.     (See  Fi*;.  22.) 

The  famous  Ijeaninj;  Tower  f)f  Pisa 
is  an  interestin*^  case  of  stability  of 
ecjviilibrimn.  It  is  circular  in  plan,  51 
feet  in  diameter  and  172  feet  hi^h.and 
has  ei(;ht  Hta;^es,  inchidint:  the  belfry. 
Its  Construction  was  bej^un  in  1174. 
It  was  founded  on  wtxxlen  piles 
driven  in  b<j<f^y  j^round,  and  when 
it  had  been  carried  up  35  feet  it 
be<;an  to  .settle  to  one  side.  The 
tower  overhangs  the  base  upwards 
of  13  feet,  but  the  centre  of  grrvity 
is  so  low  down  that  a  vertical  through 

Kio.   23.-The    Uanin?  Tower   of     it  falls  witlliu  the   baSe  aud  iHiHCe  the 
I'lsa.     It  overhanirs  ita  base  more 

than  13  feet,  imt  it  Is  »ubie.   ef|uiiil)rium  is  stable. 

(Drawn  from  a  photo>,'ra])h.)  ' 

44.  The  Three  States  of  Eqoili- 
brium.      We  all  know  how  hard  it  is  to  stand  an  eirg  on 
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01x1.  With  siifTu'ifnt  piiti.-ucc  it  can  U-  <loij.  .  Imt  tin'  sli;,'])t«Nt 
disiilacciiifiit  Ciiusts  tin-  «-^i;  to  turn  ov.-r  ami  lit-  on  its  .si<li>. 
All  I'""'  on  I'inl  is  Huid  to  Iw  in  n  imtiihlf  f(|uilil>i'inin. 

If,  liowcvor,  wlifii  th«'  f'i;;j  is  lyin^'  on  its  si<lf  wf  <lis|»la<'«'  it 
in  an  oval  section  {if.,  as  tlioii^'h  w.«  nn>  ;,'oin^'  to  turn  it  «ii 
cM.l)  and  then  l»-t  p),  th.'  t-H'^  nturns  to  its  foiincr  |K)sition. 
Ill  this  cast;  the  fijiiilihiiuni  is  saiil  to  In-  sfnlih: 

Next,  roll  th<'  f^xj;  in  a  circular  section.  Il  .shows  no 
ten<leiicv  to  return  to  its  fonntr  position,  luit  .stays  where 
it  is  put.     The  e(iuilihriuni   is  sai<l   to  he   mntnil. 

Thus  an  e^"'  exhihits  th.'  thre.'  states  of  e.iuilihriuni,  sfnhle, 
unsfuhh'  and  luntnil  iVh^-  '2i). 

Notice  that  the  centre  of  ^jravity 
always  temls  to  take  as  low  a, 
position  r.s  jK)ssil)le.  If  a  Innly 
is  in  stahle  e<|uilibriuin  a  sli;,'ht 
motion  raises  its  centre  of  j^ravity  ami  on  h-ttinj;  it  go  the 
'xwly  tends  to  return  tt)  its  ori^jinal  j»osition.  But  if  it  is 
in  unstahle  ei|uilil)riuin  a  sli^^ht  motion  allows  it  to  move  to 
a  new  position  in  which  the  centre  of  fjiavity  is  lower  than 
Ixifore.  If  it  is  in  neutral  ei|uilihrium  motion  <loes  not  raise 
or  lower  it.s  centre  of  <,'ravity. 

A  round  pencil  lyinj;  on  its  side  is  in  neutral  equilihriuin ; 
balanced  on  its  end,  it  is  unstahle.  A  cul)e.  or  a  brick,  lying 
on  a  face,  is  stiible. 

The  amount  of  stability  pos.se.'vscd  by  a  Vmdy  resting  on  a 
horizontal  plane  varies  in  different  cases.  It  increases  with 
the  di.stance  through  which  the  centre  of  gravity  has  to  U- 
raised  in  order  to  make  the  body  tip  over.  Thus,  a  brick 
lying  on  its  largest  face  is  more  stable  than  when  lying  on  its 
smallest. 


8U)>I<>,  iitKtatile  and  neutral 
)'(|<iilit>riiiin. 
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PROBLEMS 

I      \\]i\   I-.   i  |i\i:iiiii'l  .1  M'ly  ^t,lllIl•  NlriiiMirff 

'J.    \\  liy   M   l>ill;iv|    w^i'l   ill  ,1  \(s>tl  (      WhiTi!  sliiiiild 

It    Ih-   |lllt    I 

.'!.    \\  hy    sli'Mild    ;v    |i,'is..-iit»,  !•    ill    ,j   t-.'iliuc    sit,   mi    tlio 
JN^  Ixitlipiii  / 

Y       \\  -t.     A     pilhll     will     liMt     >t;ill,l    ..II     Its    |M.int,     lillt     if    two 

i*'.^  [■I'liUimi  s  arf  f.i-t.  II.  .1  I  )    it    d'l,'.    !.'."»;   U    w  ill  l.al.iluu  nii 

\^  I  Mile's  iiii'_'tr.      |]\il;i)ii  why  this  is  .v.>. 

1?     ^  ").    A  iiii.fiiMii  iioii   lit-  Hti'.'lis  4  I"  iiikIs  |"T  fnot  nf 

Ki..    "-.      \Mi\  m        its  Icirjili.       A    Wiiulil   "f  .">  [!•  •Illiils    JH    hilli'4    fl  t.iil  i.lic  tliil, 

i!ir    |.<ii.  il    in       ;iii.l  t  lii'  I  •  "l  ImI.-iih' s  ,i!>..iit,  .i   |...iiit    whi  li   i,  '_' fi'it  fr..iii 
njmlil.rmiii.  i-       i     i       i  ,       •    ,       . 

that  riiij.       r  lii.l  thf  li  li'.'th  ..I  I  hi-  li:ir. 

Ci.   lliii^tia!.-   I'l.-   ilini-  ht.it.'.s   if  ciniiliiiriiiiii    l.y   it  coin;  lyiii'^'  <>ii  a 
hurizoiital  tal>iu. 


fHAITKH  VII 

FuK  riov 

45.  Friction  Stops  Motion.     A  -imir  thrown  alon^' ti,,- ii-(! 

will,  if  "left  t'l  it~«ir,"  ciiiui-  to  ii>t.  A  iail\\;iy-ti;iiii  on  a 
level  track,  or  an  o<-ean  steauis!ii|,  u  ill,  it'  the  stenn  is  siiut  oil", 
in  time  come  to  i-est.  line  nnieli  ener;,'y  of  motion  tlisappears 
Jiml  no  ijain  til' eiii'f;^y  of  posit  ion  takes  its  plaee.  In  the  same 
wav  all  the  niachiiieiv  of  ;i  I'actorv  when  the  '  power"  is 
tnineil  ofl"  soon  comes  to  rest. 

In  all  these  cases  the  en-'i^y  simply  seems  to  <li^appe.ir  juhI 
he  ^luiyfii/.  As  we  shall  see  latir,  it  is  translonneil  into  eu'  11,'y 
(if  another  form,  naimly,  heat,  hut  it  in  dune  in  Mich  u  way 
that  we  cannot  titili/e  it. 

The  stoppi?!^  of  the  motio;i  in  e\ety  in-^tance  ;^iven  is  due 
t)  frii-ti"ii.  Wlieii  one  lioily  sliilcs  or  j-olls  o\'i-  anothei-  there 
i -i  always  fiiclion,  whieh  acts  as  a  force  in  op|»<)siti<)n  to  the 
motion. 

46.  Every  Surface  is  Rough.  The  snu.oihest  surface,  when 
examined  with  a  jtowerfnl  microscop.-        ^,„  ^^ 

is  Hei'u   to   have  innnerous  little  pio-      ."^^^ •  '-m <i •  n i f »', ^-j , „- vi. 
iections  and  cavities  on    it  ( l'"i''.   2(i).  ^'•'  -'■    !!■ -i^thm'Hs  ..t  a  »iir(.i(.> 

''  '^  lu  sten  miiirr  »  iiiii'r<>M.'<'|>f. 

Hence  when  two  surfaces  are  pr>vsed 

toj^ether  tliere  is  a  kiml  of  interlocking  of  these  irreguiiirilie.s 

wliicli  resists  the  motion  of  one  over  tlu^  other. 

47.  Rolling  Friction.  When  n  whe-l  or  a  s{)liero  rolls  on  a 
plane  surface  the  resistanci;  to  the  motion  produced  at  the 
point  of  contact  i.s  suid  to  he  ilue  to  vi'lni;/  friction.  This, 
liowever,  is  very  ditierent  from  the  friction  just  discuiised,  as 
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thort'  in  no  slidinj;.     A  wliocl,  w1i<t»!   it  rests  on  t\  surface,  is 

sliir'itlv   tliitt'  ikmI,   und   it  also  nuik<'S  a 

(Irpn'ssioii    in   the    surface.      As  it  rolls 

alcMijj  it  must  contMUially  clinih  out  of 

this  (lepr.'ssion.      But  roUinjj  friction  is 

much  sinalh-r  than  slidinjr  friction. 

In  orilinary  wheels, 
however,  sliding  friction 
is  not  avoide<l.  In  the 
cast!  of  the  liuh  of  a 
carriaj;o  (Fij;.  27)  there 
is  slidin}?  friction  at  the 
point  ('. 

In  hall-Vx'arinifs  (Fi^'. 
28),  which  are  nnich 
used  in  bicycles,  automobiles  an<l  other  liigh-class  machines, 
the  .si  id  in},'  friction  is  almost  completely  replaced  by  rolling 
friction,  Ts  this  kind  of  bearing  has  great  advantages  over 
the  other. 

PROBLEMS 

1.  Expliiin  the  utility  <>f  friction  in 

(,i)  Loccniotivo  wheels  on  a  railway  track,     (h)  Leather  belts   for 
transmit  tin-,'  power.     (  •)  Umkes  to  stop  a  moving  car. 

2.  The  cum  lit  uf  a  river  is  less  rapid  near  its  banks  than  in  niid- 
streaiu.     Can  you  explain  this? 

;;.  C;ivetw,.  reasons  why  it  is  more  difficult  to  start  a  heavily-laden 
cart  th.m  to  keep  it  in  motion  aft«r  it  has  sUrted. 


Fio.  ?7.  -  Sect  ion 
throuKh  a  larria^-j 
huh,  shoivinif  t  i 
onliiiarj   l)earin',. 


I'M.  ii.  -  .Section  of  the  ermnk 
of  a  bicycle.  The  tup 
whirh  holdt  the  l>all«  and 
the  cone  on  which  they 
nin  are  fhown  »ej«rately 
twlow.  Here  the  ball* 
touch  the  cup  In  t«o 
(•oinU  and  the  cone  in 
one;  it  i»  »  "Ihwe-point" 
liearinK. 


CHAPTER  VIII 
Machines 

48.  Machines.  If  wf  want  to  cut  a  fit>M  of  grain  or  saw  a 
log  into  IiuuIrt,  or  separate  the  cream  from  the  milk,  wo  use  a 
machine  made  for  the  puri)ose.  Indeed,  we  have  now  so  many 
mechanical  contrivances,  devised  for  all  sorts  of  occaaions,  that 
this  time  in  which  we  live  may  properly  be  called  the  age  of 
machines. 

Some  of  tliese  machines  are  simple  while  otiiers  are  quite 
comj'licnted,  hut  if  we  examine  them  carefully  we  shall  find 
that  the  mechanical  principles  which  enter  into  their  con- 
struction are  really  few  in  number.  We  shall  consider  some 
of  then>. 

49.  The  Lever;  First  Class.  Suppose  wo  have  to  raise  a 
heavy  stone.  We  get 
a  stiff'  n^d,  perhaps  a 
ci'ow-har,  thrust  one 
end  li  (.f  it  (Fig.  20) 
under  an  e<lge  of  the 

stone,  place  a  block  at  0  under  tin;  rod,  and  then  press  down- 
wards on  the  end  A.  Such  a  nxl  is  called  a  lever  and  the 
block  place<l  under  it  is  the  falerinn. 

Further,  let  the  force  which  must  Ik;  exerted  at  B  to  raise 
the  stone  be  W,  while  that  which  must  Ije  applied  at  A  in 
order  to  do  so  is  /'. 

The  lencrths  AO,  liO  are  called  the  arms  of  the  lever,  and 
we  know  from  experiment  tliat  if  AO  is  twice  BO,  then  the 
force  /'is  l  the  lorce  W:  if  AO  is  three  times  BO,  then  the 
force  applie<l  is  ^  the  force  obtained  ;  and  so  on. 
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Fio.  21).  — Lever  of  the  flnt  data. 
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W(!  iiiuy  statt'  tli<'  j^oiiornl  Jair  of  tlir  Iri'<'r  thus: 

Force  Jip{)licil  x  its  anii  =  Force  ol)taiiieil  x  its  ami, 


or 


f  X  Ao  =  w  X  no. 


Also,  the  force  obtained  (livi(le<I  by  tlie  force  npj)lie<l  is  called 
the  rnf'ilitni i<-itl  luli-niitiKji'.  If  tlie  fon-e  obtained  is  ten  times 
the  force  applied  the  mechanical  advantage  is  10. 

A  lever  like  that  just  descriljed,  ii:  uliich  the  fulcrum  m 
between  the  j)ointK  where  tlu;  force  is  applied  and  the  force  is 
obtained  is  said  to  be  of  the  fust  chixn. 

It  will  bo  noticed  that  if  the  force  W  is  greater  than  the 
force  /',  the  point  .1  moves  thioufjli  a  greater  distjuice  than 
the  \\o'n\i  B.  What  is  gained  in  force  is  lost  in  distance  moved 
throiigh. 

PROBLEMS 

1.  Let  tlio  leviT  A  Ii  (Fi<,'.  20)  lo  40  iiulu  s  Inu.^,  the  arm  dB  bfiii},'  4 
iiidu'8.  What  i.i  the  iiim'!'aiiic-.'il  n<haiit<a<:i>  I  If  a  fi»rcc  of  5<>  puuiulH  bo 
aipjdied  at  F,  what  force  will  he  <>ht.iiiu<l  at  7i  ? 

2.  In  a  ]>air  of  shoara  (Fi;.,'.  .^O)  a  tonl  to  ho  cut  is  2  inches,  and  the 
fingei-s  are  5  inches  from  the  pivot.  If  the  finjjers  exert  a  force  of  6 
ouncea,  what  force  will  he  obtained  to  cut  the  cord  ? 


Fiu.  30.-  Sticarn  ItMrofllie 
first  I'lan, 


Kid.  31.     Claw  haimner,  iiiwd  as  n  ler*r 
of  the  first  ilaw. 


3.  To  draw  a  nail  from  a  piece  of  woikI  requires  a  pull  of  2(M)  ]>oiinds. 
A  claw-hainnier  is  ii.sed,  tlie  nail  being  1\  inciie.<t  fiMin  the  fuK-niiii  O 
(Fig.  iM)  and  the  hand  being  8  inches  from  (>.  Find  what  force  the  hand 
must  exert  to  draw  the  nail. 

1.  N.iiiie  uihcr  levers  of  the  hrst  clri.ns.  (Cinnntoti  iialancu,  pump- 
handle,  etc.) 


THE  LKVER  ;    SKCOND  CLASS 
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Fill.  Si  —Lever  of  the  WK-oTid  fla». 


50.  The  Lever;   Second  Class.     In  levers  of  tho  second 
cliiss  tho  weijiht   to   Ik;    lifted   is 

pliice<l    between   the  point   wlicro      ^ .^ 

the     force     is    iipplied     and    the 
fulcrum. 

A«  Ix'fore,  the  force  F  is  ap- 
plied at  A  (Fij;.  32),  hut  the 
forc<;  produced  is  exerted  at  li,  hetween  .1  and  the  fulcrum  0. 

Also,  as  in  the  first  class,  the  law  of  the  lever  is: 
Force  appliud  (/')  x  its  .■iriii  (.If')  -  F..riu  ol.tiiiiud  ( W)  x  its  arm  (BO), 
and  the  mechanical  advanta<je  is  W  -h  /'. 

PROBLEMS 

1.  In  crackirif,'  a  nut  (Fij,'.  3Ci)  the  nut  is  j  inch,  and  the  hand 
7  inclie-i,  from  tlio  fulcrum.  If  the  hand  exerts  a  force  of  6  pounds 
find  the  pressure  on  tlie  nut 
What  ia  the  niechanic.il  ad- 
vantage ill  this  case  ? 


Kia.  33.— Niil-fracki-Ti,  li-ver  of  the 
iteconil  I'laiw. 


Fio.  34.— Trimmiri;f  lx>ard  for  cultina  paper  or 
i.'ardhoant;  lever  of  the  second  oIok*. 


Pio.  S-S.— A  tafety-vaive  ol  a  vteam  l>oiler.    (I..cver  of  the  leRonil  claiaV     L  is  the  lever  aim, 
V  the  valve  on  which  the  pri-«mr*  is  exerlwl,  W  the  welichl  which  is  lifted,  1-'  the  fulcrum. 

2.  In  tho  safety-valve  (Fig.  35)  suppose  the  valve  is  1\  inches,  nnd 
thi'  weight  If  12  inche*  from  the  ful'Tnin  F.  What  i.s  the  inechanii.ul 
advantage  here  ?  What  pres.suro  on  the  valve  will  a  weight  of  20  pounds 
balance  1 
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3.  Show  tlmt  in  a  lever  of  the  second  cliiss  tlie  mechanical  advantage 
ia  .ilwnyn  greater  than  1. 

4.  N.iiiie  other  exami'les  of   levers  of  the  second  claHs  {trimming 
board,  Fii^.  34  ;  wheel-harrow  ;  etc.). 

51.  The    Lever ;   Third    Class. 

^  U     In  this  ca.se  tlio  force  /'  is  applied 

Ix'twecn  the  fulcnun  ami  the  weight 

Kiu.  ;i<l.-A  lever  of  thu  tl.ird  cla*..        (■„  ],,.  ]\itv(\  (Fig.  MC) 

As  befoiv,  we  have  Fx  A0=  WxBO, 

W      AO     ,  ,      .     ,     , 

or  — ,-,  =  77r  ,  the  iiR'elianieal  a<lvaiita<;e. 

Notice  that  the  weiirht  lifted  is  always  less  than  the  force 
upplie<l,  or  the  ineehaiiical  advantage  is  less  than  1. 


Fio.  3T.— Suifar-tonjfg,  Icvcr  of  the 
ihinl  class. 


Fio.  38.— Human  forearm,  lever  of  the  third 
class.  One  end  of  the  liiieps  muwl.;  ia 
atli>-!.i-<l  at  the  shoiiMer.  the  othei  is 
uttai'lied  to  the  radial  l>one  near  the 
ellxiw,  .'knit  excr'a  a  forte  to  raiie  the 
weiKht  in  the  hand. 


Examples  of  levers  of  this  cla.ss: — Sugar-tongs  (Fig.  37),  the 
human  forearm  (Fig.  .SH) :  treadle  of  a  lathe  or  a  sewing 
machine. 


Exercise    A  study  of  the  lever. 

AiM'AKATi  .s  : — Mftn'    nxl,    hardtrvixl  ]>rism,    !<ft    of  iceiijhtf,    .ytritxg- 


hitlmii' 


/.IT.  r  «/  Cliisn  I.     Lay  the 
n.etre   md  on   the  prism,    with 
the   r»0   t-in.    mark   «xactly  over 
file  edge  of  tlio  prism  (Fig.  .'{9). 

If    t)ii>    Ktjrls     iliii-s     Hilt     h:il:i!ici>, 

aild  hits  i.f  le;id   to   the  lighter 
the  ends  to  roduco  the  vihratior 

fiW      F              ftP 

I 

\ 

I 

L 

Fio.  39.— a  lever  of  the  flr»t  class. 

end  until  it   does.      Put  blocks    under 
1. 

■t^.'mm 


THK   LKVKU;    THIKD  CLASS 
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Plftco  a  weight  P  ">u  sutne  grrtiliiHtiuii,  ii<>tii)<^  its  «li>taiii'c  frnm  /•'. 
Tlii.s  (liHtaiicc  is  cjkllfil  the  iitiii  of  the  Kvir.  jumI  tlie  jmxhi't  /' ^<  /■'/'is 
called  the  iiiouient  of  /'  about  F.  Move  the  weight  If  until  it  ju.st 
Ixilaiices  /',  and  note  the  leugtli  FM'. 

Make  5  or  (i  ex|)crinients,  changing  the  weigh tM,  and  tabulate  the 
results  as  follows : 


Arm  o«  P 


Moment  of  P 
P^Vf 


Ann  o(  H' 
WP 


Moiiiriit  of  IT 
H-  X  WP 


Lt'vtr  of  Class  II.     Weigh  the  rod  ;  let  it  be  )'•  grama.     Next  find  the 
position  of  the  centre  of  gravity 

□It' 
F 


JS 


f\W 


of  the  rod  by  bjilancmg  it  on  the 
liriani.  Supiiort  it  at  this  point 
))y  a  weight  in  attached  to  a 
string  as  shown  in  Fig.  40.  lA^t 
It  iMi  at  t .  P,y  40.  — A  lever  of  the  »econd  cla*. 

Now  re.st  the  rml  on  a  prinin 
at  a  point  2  cms.  from  one  end  and  attach  a  spring-balance  2  cm.  from  the 
other  end.  Place  a  weight  W  cm  the  nwl,  noting  \U  distance  from  the 
fidcrum  F,  and  observe  the  re.-iding  P  of  the  spring-bal.ime.  Make  at 
least  5  different  ex{M>rimentH,  varying  U'  and  FW,  and  arrange  the  results 
tin  in  the  table  : 


Moiiipiit  of  IT 
W  ^VP 


ir 


Ami  "f  W 
PW 


.Monii'nt  of  H' 
WxPW 


Ann  of  /' 
PP 


Mon'cnt  of  /' 
/•x  PI' 
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Lfrn-  ,,/  Vlitsx  III.     For  ;i  levir  of  tin-  third  clftss  support  the  metre 

ro.l  ;it   its    centre  of    gravity  as 


i 


A^ 


Ffo.  11.— A  IcviT  of  lli«:  tliinl  i  la«s. 


ill  till!  lust  ixdcisf,  !iiiil  jiiish 
it  throiii^li  :v  wire  looji  risttiied 
ti)  tlio  triJilo,  hikI  tr.iii.sposu  the 
po.sitioim  of  /' ;iii«l  M'  (Fit;.  41). 
Air.iii'-'"  the  n-siilts  in  a 
t;il)le  fiH  ill  tlie  otliur  ciises. 


Fm.  4-2.— The  8le«lyard». 


PROBLEMS 

1.  Expl.-iin  the  action  of  the  Kteel- 
yanls  (Fig.  42).  As  <-i  K.ver,  to  wliich 
class  (loert  it  holoii'^  ?  If  the  distance 
from  IS  to  O  is  l\  iiiclios,  and  tlie 
sliding;  wi-ight  /'  when  at  a  distance 
0  inches  fiom  0  lialaiues  a  mass  of  5  Ih. 
on  the  h<  ok,  what  must  l>e  the  weight 
of  P? 

If  tlio  mas.s  on  the  ho^K  is  too  great 
to  he  halanced  hy  /',  what  additional 
attachment  would  bo  recpiired  in  order 
to  weigh  it  ? 

2.  \   hand-barrow   (Fig.    4.'{),    with    the  nia.s8   loaded   on    it    weighs 

210  pounds.  The 
centre  of  gravity  of 
the  l)arro\v  and  load 
is  4  feet  from  the 
front  liandles  and 
3  feet  from  the 
hack  ones.  Find 
the  amount  eacli 
man  carries. 

3.  A  cubical  block 
of  granite,  wliose 
eilge  i.s  3  feet  in 
length  and  which 
weighs  4,5t»0  lbs.,  is 
niised  by  thrusting  one  end  of  a  crowbar  40  inches  long  utider  it  to 
the  distance  of  4  inches,  and  then  lifting  on  the  other  end.  What  force 
must  be  exerted  ?     What  class  of  lever  is  this  < 


Fio.  43.  -  The  hand  Ijarrow. 


TIIK  PULLEY 
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52.  The  Pulley.  Tlie  pulley  is  uwd  soinetimoH  to  cliange  the 
direction  in  wliicli  a  force  nets,  soiiietiiius  to  gniii  iiiechunical, 
a.lv.intap',  ami  soimtimes  fop  l»otli  purjKises.  We  shall  neglect 
the  weight  and  friction  of  the  pulley  and  the  rojH.'. 

A  single  fixed  pulley  such  as  is  shown  in  Fig.  44,     c 
can  change  the  direction  of  a  force  hut  cannot  give 
a  niechanicai  advantage   greater   than    1.     /',  the 
force  applied,  is  ecjual  to  the  weight  liftetl,  W. 

By  this  arrangement  a  lift  is  changed  into  a  pull 
in  any  convenient  direction.  It  is  often  uwl  in 
raising    materials   during   the    construction   of    a 

l>"ilJing-  F.o.44.-.\nx»d 

11  c<     '        i.1,  pulley  aimply 

Bv  insertuu''  a  spring  balance,  /N,  in   the  rope,     chutgea  the 

•^  "        ,  ,       ,  11  t  direction   ol 

Ixitween  the  hand  and   the  pulley,  one  can  sliow     fore«. 
that  the  force  F  is   etpial   to   the   weight   W.     It 
is  evident,  also,  that  the  hand,  which  applies  the  force,  and  the 
weight  lifted  move  through  equal  distances. 

53.  A  Single  Movable   Pulley.      Here   the   weight    If 
(Fig.  45)   is   supjKjrted    by   the 
two  portions,  Ji  anil   C,   of  the 
yrtt     rope,    and    hence    each    portion 
^         supports  half  of  it. 

Thus  the  force  F  is  e<|ual 
to  i  W,  and  the  mechanical 
advantage  is  2. 

For  convenience  a  ti.xed  pulley 
also    is     generally    used,    jus    in 

'■'"  *%T  "^Ll  ^*"'  ^^'  r'--  «.  -With  .  fl,«d 

'^r-^       Here  when   the    weight  ri.ses     -^— rj-'^^ja 

weiKDi   luMa.       ^     ■      ,  t    \  J     !        _i.i 

1   men  and  hence  ^i    lengthens 
2  inches.     That  is,  F  moves  through  twice  as  far  as  W. 
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Kiu.47.  The 
H  heel  ami 
axle. 


Km.  4M.  -  D.atf ram 
Ui  explain  the 
wheel  and  axle. 


64.  The  Wheel  and  Axle.     Tho  wuy  this  nwichine  works  is 

.shown  ill  V')<:^.  47,48.  The  force  /' 
is  upplinl  at  th«i  eircuinference  of 
the  wheel,  while  the  weijjht  is  lifted 
by  a  coitl  which  winds  ubout  the 
iixlo. 

The  aflvantage  which  is  gained 
by  iisintj  this  inuehine  can  l)e  seen 
in  the  following  way.  The  wheel 
and  axle  turn  about  the  centre  C 
(Fig.  4H)  and  the  machine  acts  like  a  lever  of  length  Alt,  with 
the  fulcrum  at  C.  The  fo.ie  F  is  applied  at  the  end  ^4  and 
the  force  W  is  obtained  at  the  end  Ji. 

Let  R  Imj  the  radius  of  the  wheel  and  /•  that  of  the  axle. 
Then  R  =  AC,  and  r  =  RC,  and  from  th;  law  of  the  lever, 

Fx  AC  =  W  X  RC, 
or  F  X  R    =  W  X  r ;  • 

and  the  advantage  W/F  =  B./r. 

Hence  if  the  radius  of  the  wheel  is  8  times  that  of  the  axle 
the  force  obtained  is  8  times  that  applied. 

Notice,  also,  that  when  tlu;  apparatus  turns  round  once  the 
force  /'descends  a  distance  etjual  to  the  circumference  of  the 
wheel  while  the  weight  IF  rises  a  distance  equal  to  the 
circumference  of  the  axle. 

55.  Examples  of  Wheel  and  Axle. 

The  windliuss  (F'g.  49)  is  a  common 
example,  but,  in  place  of  a  wlx'el, 
handles  are  used.  Forces  are  applied 
at  the  handles  and  the  bucket  is 
lifted  by  the  rope,  which  is  wound 
alxmt  the  axle. 

If  F=  applie<l  foi-ce,  and  W-  weight 


Kio.  49.  — Windlaae  used  in  draw- 
ing; Kalet  IrvHu  a  veil. 


lifted, 


W      length  of  crank 
F  ~  radius  of  axle 


EXAMPLES  OF   WHEEL  ANO  AXLE 
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The  cnpstAn,  used  on  l)OJir(l   ship.s  for  iaisiii;»  iho  aiiolior, 
is  another  exiiiiiplo  iVi'^.  50). 

The  Huil')rH  apply  the  force  by 
pu.shin«j  atjainst  birs  thrust  into 
holes  near  the  t«)p  of  the  cupstan. 
Ustially  the  nipe  is  too  long  to  Ix; 
all  coiled  up  on  the  barrel,  so  it  is 
passed  al>>ut  it  several  times  and 
the  end  A  is  held  by  a  nmn  who 
keeps  that  p)rtion  taut.  The 
friction  is  sutBcient  U)  prevent 
the  rope  from  slipping.  Sometimes  the  end  li  is  fa.stened  Ui  a 
pwt  or  a  ring  on  the  dwk,  an<l  by  turning  the  cap.stan  this 
portion  is  shortened  and  the  ship  is  drawn  into  the  dock. 


Fio.  ia- 


Raisin:;  the  ship'*  aorhor  l>y  a 
ca|mtan. 


PART  III    MECHANICS  OF  FLUIDS;   LIQUIDS  AND  OASES 
AT  BEST  AND  IN  MOTION 


CIIAITKK    l.\ 

-    PuKssritK  (»K  Lic^riKs 

56.  Transmission  of  Pressure  by  Fluids.  Li.|ui<lH  differ 
«l»ciilt'<IIy  iVum  solids  in  tlu'  way  in  wliirh  tlity  tiJinsniit  force. 
'I'lii-  stn-ii^ith  of  till'  liursc  is  «Xfiit<l  alon;;  the  traces 
eoiinictiiiL;  it  to  tin-  loa<l,  mul  in  tin-  loeoniutive  the  pres.sure 
of  the  sttiini  is  coiiviynl  to  llie  (h'  in<;  wheels  hy  means  of 
the  jiiston  and  eoiniectin;:  rods.  In  Imse  cases  the  jtull  or  the 
push  is  liansniitti'i  only  in  ihe'line  of  action  of  the  force. 
It  is  «|nite  diHertiit  in  th.'  case  of  a  lluid.  Let  us  tuke  ;i 
f%  ^loltc    and    cylinder    of 

I  the  torni  shown   in  Fi<;. 

Y  .'51,  fill  it  with  water  and 

]  then  pn-^h  in  the  piston. 

The  water  is  thrown  lit 
till  iti n  I  tloiis^  not  just 
in  the  diit'ctioii  in  which 
the  force  was  applied. 
Next,  h't  us  take  th<' 
appaialus  shown  in  Fi;;. 
52,  in  which  small  U- 
tubes,  partially  hlle<l  with  mtieuiy,  are  eoiniected  with  the 
<^lol)e.  On  inserting;  the  piston  it  is  found  that  the  chan^'e  of 
level  of  the  nurcuiy,  caused  l)y  tie;  transmitted  pressure,  i.s 
the  Niuie  in  each  tJilie.  This  shows  tliat  the  pressure  applied 
liy  the  piston  in  the  tube  is  transmitted  equally  in  all 
directions  by   the  water. 

We  are  lh»is  led  to   I'ascai.s  Law  or  I'UIXCIPLE,  which  is 
true  of  gases  jus  well  us  of  litpiids,  and  which  may  be  stated 


Km  .'■1-  Prfscure  .'i|i|>litHl 
to  the  |iir.lnii  Iruii'-iiiittMi 
ill  nil  (liriclicns  !•>  Ihe 
lii|ui<i  uilliiii  the-  ^'IuIk'. 


Kio.  r>l— Trnritniiiwion 
shown  to  be  e<|ual  id 
all  direction!  by  prM- 
■urr  (;aut(cs. 


h^^^^^iu-  (L^'ir.Z-^K  Cf^^^U: ^ • 

I'lIAt'TlCAl,    AI'I'l.ICATIoNS  »5;? 

tlMinr — /*»r>«?ov'  e.rert<d  n nifirhiir  <-/»  ^A»'  iiiii-'<  of  n  ffin<l  Is 
ii-<  ilHinittril  II  ii'liinif'shiil  ill  oil  ilii'iinii'i.  II  i)il  mis  nilli 
the  Hill) I r  fitri-''  <>ii  nil  eijnal  siirJiniM  in  <t  ilirntion  nt  i'i</lit 
(tmjli'i  tit  flu  III. 

67.  Practical  Applications.  I^t  m  consider  tlu>  iiipamtiiH 
sli(;'vu  in  Vh^.  M.  A  has  twu  cyliiulci-s  *l  ami  //,  coiin<(t«<l 
t<)ii»th<'r  iukI  fillf'l  witli 
water,  ami  with  closely- 
fitting  pistons  2*1,  P.,  nioviri},' 
in  them.  Suppose  the  area 
of  /*,  to  Ix'  1  s<|uare  centi- 
nictr*',  an<l  that  of  7'..  to  b' 
10  square  centimetres.  Then 
by  Pascal's  principle  a  force 
of  1  kiIoj,'rani  applied  by  the 


^.iston    1\    will    transmit    a 


Km.  Ml.  —  Fotcf  nm!ti|iliKl   liy  traiiwmiiaion  ol 
preoiirr. 


force  of  1  kilo{^am  to  each 

S(iuare  centimetre  of  7\„  that  is,  10  kilo^Tams  in  all.  A  wei<jht 
of  50  kilojrrams  above  /',  will  Wlunce  a  w»'i;;ht  of  £00 
kiIo<;rams  alK)Vc  P..     It    is  evident  that   this   principle    ha.s 

almost  unlimited  applicati<3ns, 
)ind  we  find  it  in  various 
forms. 

58.  Hydraulic  Press.    One 

<(f    the   most    common    forms 
is  that    kn()wn   as    Ihamah's 
hydraulic,    »>ress,      which     is 
ordinarily       u.^ed      wheiieve 
ijreat    force  is    to  Ix;  .ex^rtyu  . , 


throujjh  short  distances,  as 
in  pre.ssin;^  i;(Kj<Im  into  bales, 
extractinj'    oils     from    seeds. 

Fio.— 64.  Bnunah't  Hjdnuiic  Prra.  ~ 

niaknij;     dies,      testnijif     the 
strength  of  materials,  etc.    Its  con.structiou  is  shown  in  Fij(.  .54. 


Xi/^'  ■-<^'  **  ^» -'  >wtl'  put     .,  a/v*M-^  5L  'K**«< 


r,4 
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^1  ami  //  art!  two  cylimliis  runinrlfil  uitli  <acli  otln-r  uml 
with  ii  w.iti'i'  cistciM  l>y  |»i|)<s  dust"!  \>y  valvis  T,  aii<l 
Vr  III  tlii'st!  cylili'lt'l's  Wuik  pistoiiM  /',  ali<l  /*_,  tliioii^jli 
watfr-l'iLrliKyulliir^iy/'i  l»"iii;;  iiiovf<l  liy  a  lever.  The  Ixxlies  to 
in-  piesseil  aro  hel'l  iM-tween  phites  ('  and  />.  Wlieii  1\  is 
rai.seil  liy  the  h-ver,  water  Mows  up  from  the  cistt-rn  thn)Uj;h 
the  valvo  V^  aiwl  tills  the  cyliiuler  A.  On  tho  tlown-strokc 
thi^  valve  F,  is  elosecl  utnl  the  water  is  forc'inl  thron<;h  the 
valve  v.,  into  the  cyliiKJer  Ji,  thus  exerting 
a  foire  on  the  pi.ston  7'._„  whieh  will  Im* 
as  many  times  that  applied  to  /*,  n.s  the 
area  of  the  cross-seftion  of  J'.,  is  that  of 
the  rross-section  <•."  J\.  It  is  evident  that 
hy  decreasinj;  the  size  of  i^,,  and  increasing 
that  of  J*.„  an  immenso  force  may  bo 
de\eIoped  by  tlu'  machine. 

59.  The  Hydraulic  Elevator.  Another  imjwrt- 
niit  application  of  tlie  nuiliiiiliciition  of  force  thiuugh 
tlio  {trinciplu  of  e(|iml  tnmsnii.ssion  of  pressure  by 
tliiids  is  the  hyilniulic  elevator,  used  i\n  i\  nieann  of 
convt-y.-ince  from  tluor  to  flour  in  hni!ilint,'s.  In  its 
oiiiipU'St  form  it  coii(ii>st.s  of  ii  c;i'_'t!  .1,  Biip|><.rtetl  on 
:i  piaton  /',  wliich  works  in  :i  luii<^  cylindrical  tulie 
('.  (Fii^.  r>5).  Till-  (iilio  is  coiinucteil  with  the 
water  mains  .-iixl  tlu?  sewers  hy  a  tlirei'-wny  valve  D 
which  is  actuated  liy  a  cord  A'  piuwin'.,'  through  tho 
cage.  Wlicn  the  cord  is  pulled  up  hy  tli<'  operator, 
the  valve  takes  the  po.sition  hhovvn  at  />,  and  the 
ca-jfe  is  forced  up  hy  the  pressure  on  /'  of  the  water 
wliich  rushes  into  ''  from  the  mains.  When  the 
Cord  is  pidlcd  down,  the  valve  takes  the  ]iosition 
sliow-n  at  F  (helmv),  and  the  cage  descends  hy  it« 
own  weight  forcing  the  water  out  of  C  into  the 
sewers. 

When  a  higher  lift,  or  incre;ised  speed  is  re<{uired,  the  cage  is 
Connected  with  the  piston  hy  a  system  of  pulleys  which  multiplies,  in 
tho  movement  of  the  cage,  the  di.stance  travelled  by  the  piston. 


Flo.  6,'i.     II.Mlraulic 
cictator. 
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60.  Canal  Lift-Lock.     Tlio  lij.lrmilic  lift-l.-ck,  di'sij»ncMi   t<>  «i»ko 
the  i>Iac«  of  onliiiary  locks  wlicro  .-»  ^rtAt  ililR'n-iiro  of  lovvl   is  fnuml 


Kio.  fi«.-n.vctr»ijlic  lift  look  at  rcterliorr>iii:h,  Ont  ,  cap»We  of  lifting  a  l«0-foot 

•ttumer  6;>  fi'ct. 

ill  short  iliHtances,   is  unotlar  iipjilicutiou 

of   tlio   prineiplo   of    eijiuil    tr;iii8iiiis.sioii. 

Fig.    50    gives    a    gentTal    view    of    t!ic 

PcterlM)roiigh    Lift-Look,    the   l.irgust    of 

itH  kind    in  the    world,    and   Fig.    »"    i^ 

a   simple  tliiigraiuinatic    section   nhowini^ 

its  principle  of  opcnition.     The  lift-look 

consists  of  two  imiiieiisu    liyilraiilic   olc- 

vator-s    8Up{M)rting  on    their   pistons   /', 

and    /*»,    tfinks  A  and  /{  in    which    lliat 

the  vessels  to  be  raiwd  or  lowered.     The 

presses  are  cnuected  hy  '\  pij"'  <'<int;iinin(j 

a  valve  li  which  can  bo  oja-rated  by  tiie 

loekiniwter  in  his  cabin  at  the  top  of  the  central  tower.     To  perform  the 

l(M;k.-»ge,  the  vessel  is  towed  into  one  tank  and  the  gates  at  the  end  leading 


Fio  i7.  — Prim-iiile  of  the  lift  lock. 


.Ai 
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fii.iii  ilio  iMii;il  ftri;  closed.  TliiMi  w;it»-r,  t>>  llic  tlijilli  <<:  ..  icvv  inclu's,  Is 
j)ut  into  the  ui>|ht  t;iiik  ainl  tin-  vhIvu  /.'  is  opcind.  Tlio  aJilitiunal 
wi-iijlii  in  tlif  tijuiir  tank  fmci's  the  w;iti,T  from  its  pioss  into  tlieotlur, 
aiiil  it  L'f.-v.ln.illy  tloi'iMi'ls  wliilo  tlie  otln-r  tank  is  r;iist(l.  The  action, 
it  will  lie  oIhitvciI,  i.-i  iiiit oni.it ic,  liiit  liy.liaiilic  machinery  is  |>roviile<l  for 
fori  in;,'  water  into  the  loesses  to  m.ike  up  jiressiiro  lost  throtij^h  leakage. 

61.  Pressure  Due  to  Weight.  Our  coinmoii  txiicrionctH  in 
the  li.'imlliiiL;  <iF  li'iniis  '^'wc  tis  evidoiici!  of  i'on-c  williin  their 
muss.  Wlnii,  i"(»r  cxiiiiijilt',  wc  piticc  ;i  liole  in  :i  wate-r-pipe 
or  ill  till'  side  or  tin-  Itoltoin  of  ji  vt-ssel  lille<l  with  water,  the 
water  rii-hfs  out  witli  tin  inteii'-ity  wliieli  we  know,  in  a 
(general  way,  <lepi'ii(l.s  on  the  hei^lit  of  the  water  ahov»^  the 
ottiiiiiii'.  Aifaiii.  il"  We  h<il<l  a  cork  at  the  lK)ttoiii  of  a  vessel 
eontaiiiin;;  water,  ami  let  it  ;;;o,  it  is  forceil  np  to  the  surface 
of  the  water,  wheii-  it  remains,  its  wei^dit  Iteini;  supporteil  by 
the  pressure  of  the  H<iuiil  on  its  inider  surface. 

62.  Relation  between  Pressure  and  Depth.  Since  the 
h)\ver  layers  of  the  iinuitl  su[)poit  the  upper  layei-s,  it  is 
to  lie  expecteil  that  this  force  within  the  mass,  due  to  the 
jietii  111  of  {.gravity,  will  increase  with  the  depth.     To  invest  i<;ate 

this  relation,  jirepare  a  pressure  jjauj^e  of 
the  fdiiii  .shown  in  Fi;r.  ;")">  hv  stretcliiiij; 
a  ruhher  memhrane  over  a  thistle-tuhe  ..I, 
which  is  coiiiieeted  hy  means  cif  a  rublKV 
tube  with  a  U-shaped  jiluss  tube  Ji, 
partially  tilled  with  water.  The  action  of  the  <,^•ul«;e  is  shown 
by  pressing  on  the  jiieiiibrane.  Pressure  transiiiitt«d  to  the 
water  by  the  air  in  the  tu.ie  is  measured  by  the  difl'erence 
in  level   of  the  water  in  the  branches  of  the  U-tube. 

Now  jilace  .1  in  a  jar  of  water  (which  should  be  at  tlie 
b'liiperainre  of  the  room),  and  o-ijidiially  ptish  it  <h)wnward 
( Ki;^.  .")!>).  The  ch.iii^^es  in  the  le\el  of  the  water  in  the 
br.inches  of  tlie  U-shaped  tube  indicate  an  increase  in  pressure 
with  the  increase  in  depth.  Careful  experiments  have  shown 
that  this  jirrs->irr  incniisrs-  frnin  the  mirftur  (loianmrtl  in 
iliirct  pritpoi'tlini   to  the  d<j>th. 


Kit).  58.  -  l'res<uic  u'aiiKf. 
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Fill.   59.— Inventiiialioii   "'   pn-"- 
Biire  uitliiii  tliv  iiiii'>ii  of  k  li<|tii<t 


63.  Pressure  Equal  in  all  Directions  at  the  same  Depth. 

If  tilt'  tliistli'-tulM;  .1  is  iiiiidi.'  ti)  fiic''  ill  (litrcitiit  diiictions 
while  tlio  (vntiv  of  tin-  iin'iiihraiii'  is 
kept  iit  tl'c  H.iiiit'  depth,  no  ch;iii<;t'  in 
the  ditftri'iice  in  level  of  the  wiitci- 
in  the  U ■sh'»l>'''^l  tube  is  olisiivid. 
Evidently  the  ni;i;jnitude  of  the  force 
at  any  point  within  tlie  iluid  mass  is 
indepemlent  of  the  direction  of  pres- 
sure. Tlic  up'i'dnl,  (Inirmvard,  ami 
lateral  j)i'Cf*turrs  arc  the  sajni'  at  tJir 
t^amc  (hfiflt. 

64.  Magnitude  of  Pressure  due  to  Weight.  The  d(jwn- 
ward  pressure  of  a  liquid,  say  water,  on  the  lH)ttoni  of  a  vessel 
with  vertical  sides  is  obviously  the  wei;,dit  of  the  liijuid.     Uut 

if  the  sid«'8  of  the  vessel 
are  not  vertical,  the  ma;;- 
nittlde  of  the  fuice  is  not 
>;()  a])parent.  The  appa- 
ratus shown  in  Fii;.  (JO 
niav  Ix'  used  to  investi-'ate 
the  (piestion.  A,  Ji,  (\  and 
D  are  tubes  of  ditiVrent 
shapes  but  made  to  lit  into 
a  Common  Kise.  JJ  is  a 
inovable  Inittom  held  in 
jMjsitiun    by    a    lever    and 

Km.  O(i.-Prt»sure»on  the  bottomi-  of  veweU  of       Weijjht.       Attach   the  Oyliu- 
diiferenl  »hii>cs  and  capacities.  i    •       i   i     »       i      i  i       i  i 

drical  tube  to  the  ba-se,  and 
support  the  lj«jttoni  PJ  in  position.  Now  place  any  suitable 
weight  in  the  s<'ale-pan  and  jxtur  water  into  the  tube  until  the 
pressure  detaches  the  bottom.  If  the  experiment  be  repeated, 
usinir  in  suece.-5.>iun  tlie  tubes  .1,  li,  C,  and  D,  aud  m.ulvintj 
with  the  pointer  the  height  of  the  water  wlien  the  l)ottoni  is 
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detachcMl,  it  will  be  f(»un<l  tlmt  the  hoi<,'lit  is  the  snine  for  all 
tultfs,  so  l(»n;;  us  tlio  wei<;ht  in  the  scjile-pan  reiiuiins  uii- 
chan<ff(l.  Tluj  prossuro  on  the  bottom  of  a  vessel  filled  with  a 
j^^iven  li(iui<l  is,  therefore,  dependent  only  on  tlie  depth.  It  is 
iiidej>eii<ieiit  of  the  fonn  of  the  vessel  and  of  the  amount  of 

li<|uid    which    it    contains. 

65.  Surface  of  a  Liquid 
in  Connectins^  Tubes.     If 

a  litjuid   is  poured   into  a 
s<'ries  of  connecting  tuljes 
(Fi;;.   61),    it   will   rise   to 
the  same  horizontal  plane  in  all  the  tulx'S. 

This  prin('ii)le  that  "water  seeks  its  own  level  "  is  of  great 
practical  importance.  The  conniion  methcxl  of  supplying  cities 
with  water  furnishes  a  striking  example  of  it.  Fig.  62  shows 
tlie  main    features   of   a    modern    svstem.     While   there   are 
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Via.  01.— Siirfat'f  of  a  lic|iii(l  in  i  <jniie<'tiM){  tube* 
in  Ihv  Kami;  horizontal  |ilani'. 
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Flo.  61— Water  8upi«ly  system.     A,  source  of  water  minply  ;   B,  pumping  itAtion  ;  C,  ttand- 
pi|H.' ;  I>,  liousc  supplied  with  water ;  K,  fountain  ;  F,  hydrant  for  Are  hoae. 

vailous  means  by  which  the  water  is  collected  and  forced  into 
a  reservoir  or  stand-pipe,  the  distribution  in  all  cases  depenrn 
on  the  principle  that,  however  ramiHed  the  system  of  service 
pipes,  or  however  high  or  low  they  may  be  carried  on  streets 
or  in  buildings,  there  is  a  tendency  in  the  water  whicli  they 
contain  to  rise  to  the  level  of  the  watt-r  in  the  original  source 
of  supply  connected  with  the  pipes. 

66.  Artesian  Wells.     The  rise  oi  water  in  artesian  wells 
is  also  due  to  the  tendency  of  a  litjuid  to  find  its  own  level. 


ARTESIAN'   WKLLS 
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Diesc  wells  arc  ))ored  at   tlio  l)ottoin   of  cup-shap«Hl  hoHins 
(Fii:.   G3),  which  are  frequently   ninny  miles  in  wi«lth.     The 


Km.  C3,-Arte«iuii  t,a»iti.     A,  impenneat.lr  Btnta  ;  B,  permeaMe  itretum:  C,  C,  poinU«hei« 
peniieulK-  «lratiiiii  reaihc*  the  surface  ;  W,  artnian  welL 

upper  strata  are  impermeable,  but  lower  down  is  found  a 
stratum  of  Icxjse  sand,  gravel  or  broken  stone  containing  water 
which  hius  run  into  it  at  the  points  w  here  the  perni'-able  stratum 
r.aches  the  surface.  Wh-n  the  upper  strata  a  •  pierced  the 
water  tends  to  rise  with  a  force  more  or  less  great,  depending 
on  the  height  of  the  head  of  water  exerting  the  pressure. 

FB0BLEM8  ''-'; 

1.  A  closeil  vessel  is  filled  with  liquid,  and  two  circular  pistons,  whoM 
dimiieters  are  r-jspuctivcly  2  cia.  and  5  cm.,  inserted.  If  the  pressure  on 
the  sin.iller  piston  is  60  grani.s,  find  the  pressure  on  the  larger  piston 
when  they  halance  each  other. 

2.  The  diameter  of  the  large  piston  of  a  hydraulic  press  is  100  cm. 
and  t'l  ,r  of  the  smaller  piston  5  cm.  What  force  will  )>e  exerted  by  the 
jiress  when  a  force  of  2  kilograms  is  applied  to  the 
small  piston  ? 

3.  The  diameter  of  the  piston  of  a  hydraulic 
elevator  i.s  14  inches.  Neglecting  friction,  what 
load,  including  the  weight  ..f  the  cage,  can  be  lifted 
when  the  pres.sure  of  the  water  in  the  mains  is  75 
pounds  per  s(j.  inch  ? 

4.  What  is  the  pressure  in  grams  \viT  k<j.  cm. 
at  a  depth  of  100  metres  in  water?  (Density  of 
wat«r  one  gram  per  c.c.) 

5.  The  area  of  the  cross-section  of  the  piston 
V  (Fig.  64),  is  120  »i\.  cm.     What  weight  nuist  be 
placed   on   it   to   maintain    e<)uilibriuni    when   the 
water  in  the  pii>e  B  stands  at  a  height  of  3  metres  above  the  height  of 
the  water  in  .-1  ? 


Kia.  «4. 


CFI AFTER  X 
Bi'OYANCY  OF  Fluids 

67.  Buoyant  Action  of  a  Fluid.  Throw  a  piece  of  wood 
on  tlio  water  ;  it  floiits  on  the  Hurfacc.  A  stone  sinks,  but  if 
yon  try  to  hold  it  up  it  docs  not  api)ear  so  heavy  as  when  in 
the  air.  You  can  lift  a  nnicli  hiri^er  stone  if  it  is  immersed  in 
the  water  tluui  if  it  is  on  th(>  sliore. 

A<rain,  a  ].>a!hx)n  floats  in  the  air,  tliouiih  we  are  sure  the 
materials  in  it  wei^h  liundreds  of  poinids. 

In  eaclj  case  we  recojrnixo  tliere  is  a  buoyant  force  exerted 
upwards.     Let  us  see  just  how  jjreat  it  is. 

68.  To  Determine  the  Amount  of  the  Buoyant  Force. 

In  Vig.  05  is  shown 
A-^^rjsran  a  Iwilance  in  whicli 

—  LT  toroneof  the  scale- 

pans  a  counterpoise 
of  precisely  the 
same  weight  is  sub- 
stituted. 


^^ 


Now  tjike  a  brass 
cylinder  A,  which 
lits  exactly  into  a 
hollow  socket  B. 
Hook  the  cylinder 
to   the    bottom    of 

K,o.  «:..     IM.rnunation  of  .uK,an,  for-  e  ^j^^  ^^j.^.^  ^^^^j  ^j^^ 

socket  to  the  under  side  of  the  counterpoise.  Then  put 
weijjfhts  or  shot  on  the  balance-pan  until  o<juilibrium  is 
obtainod. 

Xi'xt  surround   the  cylinder  with  water,  as  shown  in  the 
figure.     Tiiis  destroys  the  e»juilibrium.     Then  carefully  pour 
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water  in  the  socket  li,  aivl  just  as  it  lM>c«)ino.s  full,  o<|uilihriuin 
will  be  restored.  Hence,  tlie  buoyant  force  of  the  Wiit«T  on 
the  innnersed  cylinder  is  e(|ual  to  the  weij^ht  of  a  volume  of 
water  eciual  to  the  volume  of  the  cylinder. 

Our  experiment  hius  Ix'en  made  with  water,  but  the  result 
reached  is  true  also  in  the  CJise  of  tjase.s.  Tliis  jjeneral  law 
is  known  as  the  PKINCIPLK  oF  AucHlMEl)K.s,  and  may  be 
stated  thus : 

The  haoydnt  force  exertrtj  }>y  a  fniil  upon  a  hothj  immersed 
in  it  iff  equid  to  the  weight  of  fhf  jiuid  diupbtred  lnj  the 
hoihj ;    or 

A  body  when  veigJied  in  a  ffnid  lo-ne^  in  api^rrvnt  weight 
an  mnoiint  eqiud  to  the  wright  of  the  jtiiitl  vlneJi  it  di^phiren. 

This  principle  is  of  very  great  importance,  and  the  pupil 

should  ti'st  it  for  liimself. 

lixercise-To    verify    the    law    of  buoyancy  or  Archimedes' 
Principle. 


AiTAKATts  :  —  Balauer,  ii'n 
orerjtoic  o-.viel  II  (Fig.  6<J),  nt\d 
a  rcssel  K  (u  6«i/.er  or  a  vietiil 
can). 

First  weigh  the  vessel  K. 
Let  it  weigh  115.4  grams.  Tlien 
reiiuive  the  left  pan  <>f  the 
l>al;tncc  nn<l  suhstituto  for  it  the 
c»'Uiitcr|H)i8c  C,  which  hns  as 
iiojifly  as  possible  tl-.e  fiaiiie 
weight.  If  necessary,  adjust  the 
balance  to  c<|uilibriuni  by  means 
of  the  nut  n. 

By  means  of  a  fine  thread 
suspend  fmm  C  a  piecu  of  iron 
(or  ot!it!r  heavy  object)  A/,  and 
carefully  wcigli  it.  Let  it  weigh 
4T'"I  0   grains.      Now    gently    hit 

.1/ aside,  and  underneath  <' phice  the  vessel  //.     Pour  wnter  in  until  it 
overflows,  and  allow  the  water  to   drip  off.      Next  place  the  vessel  K 


Fio.  00.  W>ien  the  body  M  u  immrr*ed  th« 
wstrr  flnwn  niit  ihroiiKh  the  bent  tuba  into 
the  beaker  K. 


62 


BUOYANCY   OF    FLUIDS 


/inro 


uiultT  tlio  .spout,  and  then  lower  M  into  //,  allow  ini,'  it  to  lianj;  freely 
in  the  water  ami  catcliin^  in  A'  tlio  water  whidi  has  overflowed. 

I'lider  thest!  coiiditioim  wei<;h  M  n^jain.  \Vo  find 
it  to  1)0  41o.  1  grams.  The  dillerenco  between  this 
«fi;,'lit  ami  the  previonH  one  is  tiO.u  graiim,  and  ia  the 
buoyant  elFect  of  the  water. 

Now  wei'.^li  tilt-  ves.scl  A',  containing  the  over- 
flowed water  it  is  17"»-'.>  grams  ;  and  deilucting  115.4 
grams  the  weight  of  the  emjify  vessel,  we  obtain  the 
wei'.'lit  of  the  water  whicli  overflowed,  which  i.s  the 
water  displace<l  liy  the  object  .)/.  It  is  (JO.o  grani8, 
which  is  exactly  the  apparent  Iush  in  weight  by 
Q::::dif^  immersion  in  the  water. 


Kio.  07.     Uttirinina- 

tioil    of    MllUlllf    of 

li<|iii<l  displaced  by 
a  solid. 


Instead   of  the   overflow    vessel  r.   graduate<l  jar 
(Fig.  (»7)  may  be  used  to  determine  the  weight  of  the 
displaced  water.     The  volume  of  the  water  displaced 
is  read  from  the  graduations.     In  thi.s  casu  we  would  find  it  to  be  G0.6  c  c  , 

which  Weighs  •>(>.,">  gram.<t. 

69.  Will  a  Body  Float  or  Sink?  It  is  evident  that  if  a 
l»o(ly  weij^lis  loss  than  an  e<|ual  volume  of  water  it  will  Heat; 
if  it  weitrh.s  more,  it  will  sink.  A  piece  of  wofxl  or  cork  will 
tloat  on  the  surface,  «lisplaein}^  jiii^t  enouj;!!  water  to  weigh  as 
much  as  they  <lo.  If  a  ship  weij^hs  1,000  ton.s  it  will  sink  into 
the  water  until  it  displaces  water  weighinj;  1,000  tons. 

PROBLEMS 

1.  A  cubic  foot  of  nuirble  which  weighs  IGO  pounds  is  uuiuezasd  in 
water.  Find  (1)  the  buoyant  force  of  the  water  on  it,  (2;  tne  weight  of 
the  marble  in  water.     (1  c.  ft.  water  =  «2.3  lbs.  at  U2°F.). 

'J.  Twelve  cubic  inches  of  a  metal  weigh  5  ])ounds  in  air.  What  is 
the  weight  when  immersed  in  water/  ^ 

y       3.   If  ;i,r)(K)  c.c  of  a  substance  weigh  (5  kgni.,  what  is  the  weight  when 
immersed  in  water  i  /' 

4.   .\  piece  of  aluminium  who.se  volume  is  (>.8  c.c.   weighs  18.5  gnims. 
Find  the  weight  when  immersed  in  a  liijuid  twice  !is  heavy  as  water. 
€r     f).   Out-  cubic  decii.ietre  of  woikI  floats  with  'i  of  it.s  volume  innnersed 
in  water.     What  is  the  weight  of  the  cube  /       — 

G.  A  cubic  cetitiiiiclrc  of  cork  weighs  2i)0  mg.  Wliat  {Kirt  cif  ita 
volume  will  be  immersed  if  it  is  allowid  to  flo.it  in  water? 

7.  W  hy  will  an  iron  ship  float  on  water,  while  a  jiece  of  the  iron  of 
which  it  is  made  Kinks  i 


CIIAITKR   XI 
DeTEUMIXATION   f)K   Df.nsity 

70.  Density  of  a  Solid  Heavier  than  Water.    To  <l.tonnine 

the  <lfnsity  «»f  a  b<)<ly  we  necil  to  know  its  mass  an<l  its  vulumt'. 
We  tiiul  tlie  iimss  hy  vn-\'^\\\i\'^,  while  the  vohiiiie  is  most 
eivsily  and  accunitely  fournl  hy  an  application  of  Archinieiles' 
Principle. 

The  way  of  ^^oinj;  alK>nt  the  oxperiinent  is  illustrated  in  the 
F^xercise  in  §  OH.  Turning;  hack  to  the  values  ^nven  there,  we 
have  the  following;  results  : 

Mass  of  iMxly 473.fi  fjran* 

Weight  in  water 413.1       n 


Apparent  lass  in  weight  ....        60.5      « 

Now  by  Archiniede.s'  Principle  this  apjmrent  loss  is  the 
weight  of  a  volume  of  water  e<|ual  to  the  volume  of  the  Ixnly, 
and  as  1  c.c.  of  water  weighs  1  grauj,  the  volume  of  the  Ixxly 
must  be  GO.  5  c.c. 

Hence,  1  c.c.  of  the  substance  contains  473.G  -r  G0.5  =  7.8 
grams,  which  is  the  density  lecjuired. 

From  this  experiment  we  deduce  the  following  rule: 
Weiijh  the  htKly  in  air,  then   in   water  and  Miihtract.     Then 

mas-s  (in  f»ratn.s) 

Den.sity  (in  grams  per  c.c.)= -z .-;.- ^^ — rr — — --\  • 

J  ^      o  1  /      Jq,,  Qf  weight  m  water  (in  gruiiiH) 

The  nimiber  thus  obt^iined  also  expres.scs  the  specific  gravity 
of  the  body.     (See  §!<>.) 

71.  Density  of  a  Solid  Lighter  than  Water.  T^t  us  find 
the  density  of  a  block  of  pine  WfKxl.  There  are  several 
methods  of  making  the  exi)eriment,  of  which  we  shall 
take  two. 


(j4  DKTEltMlNATlON   OF    DKN^ITY 

Exercise  1.  Fm.l  tin-  wii^'ht  of  tliu  wh.kI  hy  the  Vmlnnce.  Ii«t  it  be 
4f..4  -.T-iins.  Now  t.ikti  the  oviillow  vessel  //  (Fi-,'.  •!»>;,  fill  it  with  water, 
niitl  hiiviii;,'  w.i'^hed  tlie  veHscl  A',  iilace  it  uikIlt  II.  iMy  the  w<mk1  on 
tilt!  wilttr  ill  //,  Jiiiil  \>y  iiieuiis  of  a  {liii  presH  it  down  luitil  it  ia  fully  suh- 
imiii.il,  catching  the  ovcrtl')W  w.iter  in  A".  Let  the  increiiHe  in  the 
weii,'lil  of  A'  he  lOli.l  t,'r.iiiii».  Tlieii  the  wiifer  aisplaccil  by  the  binly 
weighs  lO;!  1  gniiiis.  imd  therefore  occupies  a  volume  of  103.1  c.c. 

Hence,  <knsity  of  t'.ie  wo(mI  =4<».4~  103.1  =.45  grams  per  c.c. 

Exercise  2.  First  weij;h  the  wood  in  air.  Let  it  Imj  46.4  grams. 
Then  tie  .i  siiiktr  (a  jiiece  of  le.nl  ur  a  l.irgo  mrew)  to  it  and  Hnspend  wood 
and  Hinker  from  tiio  Imlance,  with  the  sinker  lianging  In-low  the  wo<k1. 

Now  pl.ue  a  vessel  underneath  and  pour  in  water  until  the  sinker  is 
imnu-rstMl.  Then  w.igh  ;  let  it  ho  314.4  gniins.  Next  jwur  in  w.iter  until 
tile  wood  also  is  iiiuiiersed,  and  weigh.  Let  it  he  '211.0  grams.  Then 
the  dillVrence  between  the  last  two  weights,  314.4  -  211.0=  10:}.4  grams, 
is  cau.sed  l»y  the  Ixxly  being  in  air  in  one  ca.se  and  in  water  in  the  other. 

Hence,  103.4  grams  is  the  weight  of  the  water  displaced,  and  the 
Tuluine  of  the  wood  -   103.4  c.c. 

Hence,  density  =  46.4  -f  103.4  =-  .45  (nearly)  gms.  iKjr  c.c. 

72.  Density  of  a  Liquid  by  the  Specific  Gravity  Bottle. 

As  ill  the  ca.se  of  a  solid,  we  must  determine 
the  volume  and  the  nms.s  of  the  licjuid  used. 
A  ctnvenient  form  of  lx)ttle  i.s  shown  in  Fig. 
GS.  It  is  often  constructed  to  contain  a  given 
(|uantity  of  litiuid,  usually  100  c.c.  at  15"C., 
but  it  need  not  be  of  any  pjirticular  size.  To 
render  complete  filling  oa.sy,  the  l)ottle  is  pro- 
vided with  a  closely-titting  stopper  perforated 
with  a  fine  bore  through  which  excess  of  Hquid  escapes. 

Exercise -To  determine  the  density  of  alcohol. 

First,  weigh  the  bi>ttle  empty  and  dry.  I^t  its  weijjht  Xte  31.4  grams. 
Then  fill  with  water,  carefully  wiping  off  the  excess,  and  weigh  again. 
Let  it  now  be  132.6  granis. 

Enii>ty  tjie  water,  removing  it  all,  fill  with  alcohol  and  weigh  again. 
Let  it  bo  112.5  grams. 


Fio.  68.  — A  »|>erilic 
gravity  bottle. 
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Subtractinn;  the  tinit  from  tlie  Mt'cmiil  wi•i^llt,  wu  gvt  the  w«ight  of  the 
water  in  the  bottle.  It  is  101.2  grniiiH,  Hiid  tlio  volume  of  the  liultle 
therefore  ia  101.2  c.c. 

Nuhtmctiiig  the  first  from  tlie  thinl  weight  we  get  the  weight  of  the 
alcohol.     It  ia  81.1  grains. 

Hence,  101.2  c.c.  of  alcohol  —  81.1  grams, 

and,  density  =  81.1  -=-  101.2  =  .80  gmnis  |>er  c.c. 

Gasoline  or  other  liquitU  may  l>e  used  in  the  same  way. 

73.  The  Hydrometer.  Thi.s  instniuu-nt  indicates  directly 
the  density  of  a  licjuid  witliout  any  calculation 
whatever.  The  principle  underlyinj^  its  action 
may  be  illurstrated  a,s  follows : — Take  a  rect- 
anf^iilar  rod  of  wckxI  I  sq.  cm.  in  section  and 
20  cm.  long,  and  lx>re  a  hole  in  one  end.  After 
insertinji  enough  shot  to  cau.se  the  rod  to  Hoat 
uprif^ht  in  water  (Fi«;.  69),  plu<;  up  the  hole. 
Mark  off  on  one  of  the  long  faces  a  centimetre 
scale,  and  then  dip  the  rod  in  hot  paraffin  to 
render  it  impervious  to  water. 

Now  place  the  ixmI  in  water,  an«l  suppose  it 
to  sink  to  a  deptii  of  16  cm.  when  floating. 
Then  the  weight  of  the  rod  =  weight  of  water 
displaced  =  16  grams. 

Next,  place  it  in  the  liqui<l  whose  density  is  to  l)e  determined, 
and  let  it  sink  to  a  depth  of  12  cm.,  and  hence  displacing  12 
c.c.  of  the  liijuid. 

Then,  since  the  weight  of  liquid  displaced  equals  weight  of 

the  rod, 

12  c.c.  of  the  Ii(iuid  =  16  grams, 

Ami  density  of  the  lifjuid  =  J  J  gram  per  c.c. 

Or,  in  general  terms, 

.,       .        ,  ,.     .  ,       vol.  of  water  di<iplaced  hy  a  floatint;  body 

Density  of  liquid  =  — — x-p — -.  j:    r~ri~7u 'iTj 

vol.  of  iKiuid  displaced  by  the  same  body 


m 

. — — 

ri=-_— .^-_=-- 

Hi^^^^iS: 

^^^^ 

Kia.  00.  —  Iiltutr»- 
tion  of  the  principle 
el  the  UydromeUr. 
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A  liy«lrf)m<'t«'r  for  coiiiiiu-n-iul  iiiuiMwts  is  iisdnlly  constructefl 
in  tlio  form  sliowti  in  Kij;.  70.  The  weijjlit  and 
volume  are  so  adjusted  tliat  tlie  instrument  sinks 
to  the  division  mark  at  the  lower  end  of  the  stem 
in  the  densest  li<|uid  to  he  invest i;,'ated  and  to  the 
division  mark  at  the  ijpper  end  in  the  least  «lense 
li<|uid.  Tilt!  scale  on  the  stem  imlicates  directly 
the  densities  of  liquids  iH-tween  these  limits.  The 
float  .1  is  usually  ma<le  much  lar<;er  than  the  stem 
to  i;ive  sensitiveness  to  the  instrument. 

As  the  ran>;e  of   an   instri;ment   of   this  cliuw 
is    necessairily     limited     .special     in.strinnents    are 

ril  toZtiic    C(;nstruct«'d   for  use   with   different   li<|uids.     For 
hy.irometer,      j.x,iniple,  ouc  instrument  is  u.sed  for  the  densities 

of  milks,  another  for  alcohols,  and  .so  on. 

PROBLEMS 

1.  A  iMxly  has  a  mass  of  0  grams.  Wlieii  attaclied  to  a  balance  with 
a  sinker  underneatli  it  ami  in  water  tlie  weij^ht  is  IM  grams,  if  the  Inxly 
ami  sinker  are  both  inunersed  in  water  the  weight  is  12  grams.  Find  the 
density  of  the  Inxly. 

2.  A  biKly  whose  mass  is  12  grams  has  a  sinker  atUched  to  it  and  the 
two  ti>getlier  displace  when  submerged  «»0  c.c.  of  water.  The  sinker  alone 
displaces  12  c.c.     What  it  tiie  density  of  the  ImhIv  ? 

3.  A  luxly  whose  mass  is  CO  grams  is  droppetl  into  a  graduated  tube 
containing  150  c.c.  of  water.  If  the  Ixnly  sinks  to  the  Inittom  and  the 
water  rises  to  the  200  c.c.  mark,  what  is  the  density  of  the  Ixxly  i 

4.  If  a  iKxly  when  floating  in  water  displaces  12  c.c,  what  is  the 
density  of  a  liquid  in  which  when  floating  it  displaces  18  c.c? 
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CHArrKK  XII 

pRESSrUK    IN    (!ASEM 

74.  Has  Air  Weight?  F<>r  uuxuy  c. uturicH  this  fiuestion 
puz/.k-<l  invt'stipitors.  hut  with  «.ur  present  <luy  apparatus  wf 
call  t<st  it  withcjut  ijii'ut  «linifulty. 

L.tustak.'  a  <;hisM  Ihisk.  fh  an  .shown  in  Fij;.  71,  fitted 
with  a  stop-cH'k.  Attach  it  to  one  si.h-  of  the  balance  aii.l 
car.fuliy  \v»i-,'h.  Then  attach  a  hicych- 
pump  ami  force  air  in*  >  itan.l  weijjli  «j,'ain. 
Finally,  by  means  of  a"  air-pump,  exhaust 
the  air  fi-om  it  an«l  weij,'h  aj;aiii.  It  will 
Ije  foun.l  that  the  tii-st  weij^ht  is  less  than 
the  second  and  },'r<ater  than  tlu;  third,  the 
difference  binj;  evidently  due  to  the  air 
added  in  one  case  and  removed  in  the 
other. 

Exact  experiments  have  shown  that  the 
mass  of  1   litre  of  air  at  0  C.  and  under 
normai  pressure  of  the  air  at  sea-level  (760  mm.  of  mercury) 
is  1.293  grams. 

76.  Pressure  of  Air.  It  is  evident  that  since  air  lias 
weight  it  must,  like  liquids,  exert  pressure  upon  all  bodies 
with  which  it  is  in  contact.  Ju.st  as  the  bed  of  the  ocean 
sustains  enormous  pressure  from  the  weijrht  of  the  water 
resting  on  it,  so  the  surface  of  the  earth,  the  iKittoin  of  the 
aerial  ocean  in  which  we  live,  is  subject  to  a  pressure  due  to 
the  weight  of  the  air  supported  by  it.  This  pressure  will,  of 
courst,  vary  with  the  depth.  Thus  the  pres-nure  of  the 
atmosphere  at  Victoria,  B.C.,  on  the  sea-level  is  greaier  tlian 
at  points  on  the  mountains  to  the  east. 

67 


Fw.  71. -Globe  for 
weighing  air. 
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I'KKSsriJK   IN  i-.ASKS 


Tho  prcHMunt  »f  th»)  air  uv\y  !■«  uli-iwn  hy  many  Hiinpli*  cxiierimeiiU. 
For  uxain|iks  tiu  a  piico  of  iliiu  Nlu-i-t  ruLlicT  ovir  tlio  iiiuutli  of  a  tliiitile- 

tiilio  (Ki;;.  7-')  ;»i<l  »'xliinwt  tho  air  from  the  liulli 
l»y  Nuctioii  or  liy  ciiriiicitiii;;  it  witli  the  air -piiiiip. 
Am  thu  air  in  exhaimteil  thu  rii)>lH;r  is  piixhed 
iiiwanl  Uy  the  preswunj  of  tlio  oiitHitlu  air. 

Ag.-iiii,  if  iiiiu  uiul  of  n  Ktntw  or  tiilic  in  thrunt 
into  WHtir  and  the  air  wilhilrawii  from  it  by 
miction,  the  wator  is  forctil  up  into  tlie  IuIkj. 
Tliix  piK-noiiienon  wiih  known  for  aues  hut  did 
not  ri'ceivo  an  fxplnnution  until  tliu  factn  of  the 
wi'i^lit   and    pressure   of    tho   atnioHpheru    were 

eNUihliHhfd.      It  wiis  (>x|ihtin<}d  on  tho  principle  that  Naturu  had  a  horror 

for  empty  Hi>aco. 


Fn.  72.  — Kul)li«r  nienihrane 
(omtl  inward* liy  prrmiire 
of  I  tit'  air. 


76.  How  to  Measure  the  Pressure  of  the  Atmosphere. 

It  liiLs  loiitj  Im'ch  known  tliiit 
Witter  ill  u  Huctioii  )>tini]>  can 
not  Ik!  lifted  more  tluui  .\'2  feet, 
nn<l  it  wii.s  early  susjM-cted  that 
this  Nviw  (lone  by  the  pressure  of 
the  atiii«).sj)here.  Now  mercury 
i.s  ahiioHt  14  times  a.s  lieavy 
as  water,  and  a  C()rresjM)ndiii<^ 
mercury  cohnnn  is  ^^  of  'M  feet 
or  al»out  28  inches.  We  can 
easily  test  tliis  by  experiment. 

Take  a  fjl.isH  lube  about  a  yard 
long  (Fig.  73),  closed  at  one  end,  and 
till  it  with  mercury.  Stoppini;  the 
o\Hi\\  end  with  the  finger,  invert  it  and 
place  it  in  a  vtrtic.il  jjusition,  with 
the  ojHjn  end  under  the  Kurf.iic  of  the 
mercury  in  another  vessel.  Remove 
the  finger.  The  mercury  will  f;ill  a  short  distance  in  the  tube,  and  after 
oscillating  will  come  to  rest  with  tiie  surface  of  the  mercury  in  the  tube 
between  28  and  30  inches  above  tho  surface  of  the  mercury  in  the  outer 
vcsuel. 


Fie.  73.— lleroury  oohiinn  luatAiiied  by 
the  preaure  of  the  air. 
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Wliy  <l(x'H  th.-  iii.Tfury  fall  from  the  top  of  tlu'  (uIh.  '  Tho 
utniosj.h.T.'  imsN.s  upuii  tlu'  s.jif.io.'  of  tl..«  ni.r'-uiy  in  th.- 
out»T  vrs.s..l  ui.'l  fur<-...s  it  up  inl«»  tho  Ui\»;  hut  it  is  unuhl.. 
to  raisi*  it  iiion-  tliaii  nUml  '2H  iiiclu-s.  Th<'  hlaiik  spac..  ,i\n>\v 
it  known  as  a  Toniffliiun  vacuum,  imuu-l  after  Tuirictlli,  an 
Italian,  who  (U-visi<l  the  exi»«  rimunt. 

QDSSTIOIfi  AMD  PROBLEMS 

1.  Fill  ft  tiinil)l<T  mill 
hold  it  iiiv«'rti«l  in  .v  tlisli 
of  WHtcT  iw  hIiiiwii  111  Fi«. 
74.  Wliy  tlues  the  w;itir 
not  run  out  of  the  tunihler 
into  tliu  dish  ( 

2.  Fill  a  iM.ttlo  with 
Wtttir  and  jilaco  ft  slu-it  of 
writm;,'  |.aporover  its  mouth. 
N*ow,   holding   the  \<:\\>i-r  in 

rio.  74.  |M»aition    witli    the    i«ihii    of 

tho  hand,   invert  tlio  huttle. 
(Fig.  75.)     Why  dtHSH  the  wftter  remain  in  tho  In.ttle  when  the  hand  i» 
removed  from  the  j)aj»er. 

3.  Take  a  bent  glass  tiilw  of  the  form  shown 
in  Fig.  7t».  The  n|>i>er  end  of  it  is  clowd,  tlie  lower 
oiMin.  Fill  the  tulw  with  water.  NMiy  d.ies  tho 
water  not  run  out  when  it  i.s  iield  in  a  vertical 
position  ? 

4.  Why  iniist  an  ojiening  Ihj  matle  in  the  u|»j>er 
part  of  a  vessel  tilled  with  a  lifjuid  to  secure  a  proi>er 
flow  at  a  faucet  inserted  at  the  bottom  I 

5.  Fill  a  narrow  necked  In.ttle  with  water  and 
hold  it  mouth  downwards.  Explain  the  action  of 
the  water.. 


0.  A  flask  weighs  ^280.6  gin.  when  empty, 
284.2  gm.  «heu  filled  Tvith  air,  and  30«>«*>  gm. 
when  filled  with  water.  Find  the  weight  of  1  litre 
of  air. 


Fie.  78. 
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77.  Barometer.     Tlic  oltject  of  tins  instruuu-nt  is  to  meaHure 
the  prc's-mirc  of  tlie  atiiioHjilien-,  ami  tiicre  are  two  forms  of  it 
in  common  use — the  merenry  an<l  the  ant-roiil 
l)arometer. 

In    till'    former    of    these    the    pressure    is 

•letermined     l»y     remlinj;     the     hei;;ht    of    a 

column  of  mercury,  as  in  Torrieelii's  exj)eri- 

nient,    an<l     the    instruuHiit    is     construet»'<l 

so    that    this    may    Iw   ilone    accurately    ami 

conveniently.      In     Fij.;s.    77,    7h,    is    shown 

an     exei'llent     arran;^ement.      The     complete 

instnniient     is     shown     in     Fi;;.     77.      The 

lonj;  ijhiss  tul)i'   is   hel<l    within  a  protecting 

hrass    t\i\M\    ami      its     lower     end,     drawn 

out  almost  to  a  point,  reaches 

into     the    mercury     in     the 

cistern. 

A    vertical    section    of   the 
latter   is   shown    in    Fij:.    78. 
It     hiis     a     flexible     leather 
lM)ttom  which  can  be  moved 
up  or  down    by   a   screw   C, 
in   order  to  adjust    the   level 
of  the  mercury.     Before  tak- 
ing the  readiiifj,  the  surface 
of  the  mercury  in  the  cistern 
is  brought   to   a   fi.xevl  level, 
indicated   by    the    tip  of    the 
pointer  P,  which   is  the  zero  of  the  barometer  scale.     The 
height   of   the   cohnnn    is   then   read   directly   from   a  scale 
engraved  on  the  Ciise  of  the  instrument. 


Ki.t, 


77.     The  ciatern 
liaroiiieter. 


Fi«.  78.— Section  of 
the  cistern. 
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rio.  70.— Aneroid  t«rcmcteT. 


Tht'  anoroifl  hr^  neter  lias  no  li<iai<l  in  it  at  all.  In  it 
(Fii;.  7!))  the  air  j  -I's  against  the  Uexible  cornigatc*!  cover 
of  a  circular,  aii  ,'»t, 
n>etal  box  A,  ir  mi 
which  tht'  air  is  partially 
exhaust»'«l.  The  cover, 
which  is  usually  sup- 
ported by  a  Hprinjj  S, 
resjMHuls  U)  the  pnssiire 
of  the  atmosphere,  being 
forced  in  when  the  pres- 
sure is  increased,  and  springing  out  when  it  is  d«'crea.sed.  The 
movement  of  the  cover  is  multiplied  and  tnm.smitted  to  an 
index  liand  B  by  a  .system  «)f  delicate  levers  an<l  a  chain  or  by 
gears.  The  circular  scale  is  graduated  by  comparison  with  i 
mercury  barometer. 

The  aneroid  is  not  so  accurate  as  the  jnercury  barometer, 
but,  on  account  of  its  portability  an<l  its  sensitiveness,  is 
coming  into  very  common  use.  It  is  siwciuUy  serviceable  for 
determining  rea<lings  to  be  u.swl  in  computing  elevations. 

78.  Practical  Value  of  the  Barometer.  Hy  the  bfiromcter 
we  can  determine  the  pressure  of  the  atmosphere  at  any  pjint. 
If  the  mercury  stands  at  7G  cm.  it  can  Ih>  .shown  that  the 
atmosphere  exerts  a  pressure  of  1,0:!:{  grams  on  every  s.juare 
centimetre  of  surface  which  it  touches.  Also,  70  cm.  =-  2!).9 
inches,  and  the  e(iuivalent  pressure  is  U.7  pounds  per  sijuare 
inch. 

Bv  cjntinually  ol^serving  the  height  of  the  barometer  at  any 
place  we  learn  that  the  atmospheric  pres.sure  is  constantly 
chan'Mun-.  Sometin»es  a  decided  change  takes  place  within 
an  hour. 

From  experience  we  have  leanied  ihiit  a,  fall  in  <J  Iwirometer, 
that  is,  a  sudden  decrea.sc  in  atmospheric  prcsi^ure,  precedes  a 
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storm  ;  that  a  risi it;f  haronietor  is  likely  to  \h;  followed  liy  fair 
weather;  ami  that  a  sfniJi/  /lii/li  liaroiiieter  niean.s  settlol  fair 
weather. 

A^^ain,  by  coinparinj;  the  siimiltaneous  rea<liiij;H  of  haronieters 
(listrilnited  over  a  lar;,'*-  streteh  of  country  we  find  that  the 
pnssnre  is  diti'erent  at  different  jilaces.  A  knowled<;e  of  these 
siiriultaiieous  pressures  is  of  ^reat  value  in  forecasting  the 
weather,  hut  tlw'  words  "stormy,  rain,  etc.,"  usually  found  on 
the  amiojil  hammeters  are  of  little  use.  The  fact  that  the 
hand  jh  iiit^  to  onf  of  these  words  is  no  assurance  tliat  we  shall 
have  the  weather  indicated. 

79.  Determination  of  Elevation.  Since  the  pressure  of 
the    air    decieases    ;,'ra<lnally    with    incn-ase   in   heijjht  alK)ve 

the    sea  level    it 
*  IS    evident    that 

the  harometer 
may  he  utilized 
to  deti'rinine 
chanties  in  ele- 
vation. If  the 
den.sity  of  the 
air  were  unifonn 
its  pressure,  like 
that  of  li(|uids, 
would  vary  di- 
rectly as  the 
depth.  I>ut  on 
account  of  the 
com])ressibility 
of  air  its  density 
is   not   uniform. 


1     l.V 

t,.;> 


?«;■ 


1     t 


.5.5- 


« !  rnr  st\  .Mtxmvcs  V 


p,o.  gft.  — AtTtin^phPrio  prpssiirr  at  (liffprfnl  IhmkIiU. 


'•'he  lower  layers,  which  sustain  the  ^neater  weijjht.  are  den.ser 
than  those  aix>ve  them.     For  tlii.s  reason  the   law  giving  the 
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roiation  iK-twoen  tlic  Iwironiehic  presstirn  jin<l  altimdo  is  s«.nip- 
whut  comph'x.  For  small  t'l.-vatioiis  it  falls  at  arj  npproxi- 
iiinti-iy  iiniforiii  mte  of  one  inch  for  iverv  J)00  ftvt  of  flt-.ation. 
VifT.  SOsliows  r<)u<rhly  the  conditions  of  jitniospheric  pressure 
at  various  Ijeijjhts. 

80.  Compressibility  and  Expansibility  of  Air,  Tlte  fact  t  hat 
air  can  be  conipr.'ssed  lias  ahvuly  Ix'en  referred  to.  ln.le«Ml 
it  is  familiar  to  everylKxly.  The  air  within  a  hollow  rubher 
ball  may  be  compress.*!  by  the  hand  ;  and  in  tln>  bicycle  or 
automobile  tire  a  comparatively  larije  amount  of  air  is  fom-d 
._»  to  occupy  a  nnieh  smaller  volume.  E.xperiment,s 
niijjht  1k'  multiplied  indefinitely  to  exhibit  this  eflect. 

Let  us  tike  a  tiilic  such  as  hIiowii  in  Fig. 
81,  cl<«c'il  at  i.iu,'  einl,  and  liavinj;  a  closely- 
fitting  jiiston  in  if.  By  pusliin-,'  down  the  j.i.st.m 
the  air  in  tlie  tul)e  can  lie  made  to  take  up  hut 

I  a  small  fraction  of  the  Bjnice  or-ijinally  occuiiied 

hy  it. 
Next,  let  U8  take  a  J-tuhe  (Fig.  82)  closed 
at  one  end  and  j»our  mercury  into  tlie  ojHn  end. 
The  liigher  the  o.Iurnn  in  the  open  hraiich,  that 
is,  tlio  greater  the  pressure  due  to  the  weight  of 
the  mercury,  tho  les-s  the  volume  in  the  closed 
branch  heoonies. 

On  the  other  hand,  gases  manifest, 
under  all  conditions,  a  tendency  to  ex- 
pmd.     Whenever  the  pre.^stire  to  which  a 


V 


U 


F10.8'.— Air  .  !•      •      •  "1  . 

compr«-ii«-<i     <(iven  ma.ss  t.t  mm*  is  subj.'cted  is  les.sened 

t  h  i  n     ft  .  ' 


Tlu!  more  lilxfrty 


w  i  t  h  i  n    k       .  , 

oio»ed  tiii«     its  volume  increa«es 

liy  preMure  n  1  " 

•ppiicd   to     allowed    to    a    <fas,    the    more    it    will 
take,      lou    must  confine  it   strictlv    or 


Fio.82.— Air 
oonipmaed 
within  • 
cjowd  tutie 
liy  wriKht 
of  mfrtiiry 
in  the  long 
branch. 


it  will  leave  vou. 

Many  experiments  ilhwtrate  this  fact.  Hie  compressetl  ruhlicr  hall 
takes  its  origimd  vohnne  when  tho  press-iire  of  t!io  hand  is  withdrawn; 
and  when  the  applied  force  is  remo-.  d  (in  Fig.  81)  tiie  piston  shw.ts' 
outwards. 
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Next,   1ft  U'*  place  ;i  t..y 


lall< 


liarti.illy  iiitlate.l,  iiinU-r  tlio  ncivei 


(if  an  air-iiui!ii>  (Fij?.  H.'!) 
At  iiin<- 
if  it 


;!).  anil  tlit-'M    exhiiust  the- 


ir frciiii   till-  receiver. 


s  \va 


the  l)a!!"oii  swells  cut,  ami 
lis  ar.'  iii>t  strong  it  will  hurst. 


Another  neat  txperinie 


it  is  si 


luwn 


HI  Fi'_'.  Hi-  A  bottle  is  jiartiall}  lillfl 
with  w.iter  !in<l  ihruugli  a  perforati-  n 
in  a  closely-littin'^cvk  a  I'cnt  tuhe  is 


sh.-l.  tl 


le  en< 


il  p 


ig    lit-neiith   the 

iface  .'f  the  wafer.     The  other  end 

of  the  tiihe  IS  in  another  hotlle,  and 

the  wh.lf  is  then  plaiKl  under  the  re- 

Kio  Ki  _Exj>»nm<>n     i-j-jvi-r  of  llie  air  nunip.  (  hi  exhaii.stin« 
ot   nir  wlirii  prm-  i  i 

nurf  iH  remoxed.         the  air  from  the  >ve.  iver  t lie  air  aliove 


Kilt  84.— Wat*r  forred 
mil  <>t  ilowl  lottle 
In  ihe  cxiianMon  o( 
till'  iiir  al)0^e  il> 


the  water  in  the  closed  Ix.ttle  expands 
and  forces  the  water  out  tliroif.'h  t'le  tuhe  into  the  open  bottle. 

\\v  have  seen  (§7H»  that  thr  atu.osi.hm-  »-x.>rtH  a  pn-ssure 
of  uhiiost  15  pcun'tls  oil  .'V.-ry  siiuar-  inch  of  a  stirface  with 
which  it  is  in  cnntact  Why,  th.n.  nrv  iK.t  fmil  hollow  vessels 
ciusliHl  hv  th.-  lum.hv.ls  of  potiinls  of  ]iicssun'  on  their  outer 
walls  '  'riie  reason  is,  then"  is  air  also  within  an-l  its  teiich-ncy 
to    expand    priHlnces   a    pres.sure    which    counterbalances    the 

pressure  of  the  air  without. 

Exercise  Meaaure  the  pressure  of  the  gas 
in  the  city  mains,  or  in  a  vessel  into  which  air 
is  pumped. 

Use  .1  U-tuhe  .-vs  shown  in  Fij,'.  86.  P.-ur  water 
(which  may  Le  coloured  with  a  little  aniline  dye)  into 
one  end  of  the  tube.  It  will  take,  of  course,  the  same 
hei-ht  in  each  arm.  What  is  the  pressure  on  ea.h 
surface  now  i 

Attach  one  end  A  of  the  tube,  l.y  means  of  a  rubber 

tube  to  a  gas-tap.  and  turn  on  the  g.-is.     The  column 

of  w.iter  in  A    will   be  depressed,    that    in   /.*  raised. 

Observe  the  difFerence  in  the  levels.      Let  it  be  [W  cm. 

It  is  evident  that  the  pressure  of  the  .as  at  F  is  e.junl  to  the  pressure 

.f  the  atmosphere  +  that  due  to  a  column  C%  'M  cm.  limh.  -f  wa  er. 

NVo.ild   tins  height   be  changed    if   the    di.ameter   of  the  tul.e-   were 
increased  1 


Km.  hr).  Mi-aiurinif 
Ihe  jirinMirt-  of  ihs 
ca.-. 


v*«Pr^-  - 


mints. 


»-*.-!«j'f»aL;^-  »:»- 


HKLATIoN    UKTWKKN    VtH.r.MK    AND   TRE^SIRK 


75 


PROBLEMS 

1.    Air.uiiji'  appanitiis   t\^   i*lii>wn    in    Fig. 


8*5.     Hy  unction  reniovo  a 

iM.rtiuii  ..f  tlii-  ;iir  fmui  thv   tlisk,  .iinl   kcfi'in;^  the  lulilitT  tube  closed 

liy  prfumire.  pliu-i-  the  ojk'II  vuil 

in  H  <lish  of  water.     Now  Kjien 

?=s\        the    tiilttj.     Kxjiliiin    the    action 

J\  of  thf  w.itor. 

^      ji  '2.  (liHTirke,    tlie    inventor 

of    the    ;iir  [Miiiip,    tu.ik    a    pjur 

^  -jf      of  111  ini^plii  Ilea!  cu[>s  (Fij;.  H7) 

^^        alioiit    l.:i   ft.    in    (li.mu'ter,    bo 

"'"^4  const rtutiil  thiit   tlu-y  formed  a 

(r-->^         holliiw    air  tight    sphere    when 

rio.  SB  Fio  87.        their  lips  were  pl.iced  in  contact, 

and    at    .i    test    at    Ui't.'en.>d)iir!,'  _    _ 

Fia.  88. 
l>efore  the  Eiujieror  Ferdinand   III  and  the  Kiielistag  in 

1654  showed  that  it  niiiiired  sixteen  horses  (four  pairs  on  aach 
hemisphere),  to  pidl  the  iieiiiisph«'res  apart  wlieii  the  air  was  exhausted 
hy   his  aii-puinp.      .Account   for  tlii.s. 

;{.  If  an  nirtight  piston  is  inserted  into  a  cylindrical  vessel  and  the 
air  exhausted  tliroiigh  tlie  tuhe  (Fig  SH)  a  heavy  weight  may  be  lifted  aa 
the  piston  rist-s.      K.xphiin  this  action. 

81.  Relation  between  Volume  and  Pressure— Boyle's  Law. 

Frciii  coiiiiiion  cxpi'iieiice  we  know  that  as  we  try  to  n-ake 
tilt'  vohiiiie  of  a  ;,fi\fH  ina.ss  of  jju.s  .siiialliT  and  smaller  we 
must  cxi'ft  a  coiitinuiilly  iiicrea.sini;  pre.ssuro.  Sup[K)sc  we 
take  a  hollow  ntblMT  ball  tuul  compress  it.  At  first,  when  the 
vohniu'  is  ri'dticed  sli«,'htl\ .  little  effort  is  require*! ;  but  as  the 
volume  Ix'eomes  smaller  tiie  pres.sure  to  which  we  must  subject 
the  air  within  becomes  j^reater. 

Also,  let  us  consider  a<,'ain  the  apparatus  shown  iii  Fig.  81. 
Duriiit;  the  first  part  of  the  stroke,  when  there  is  not  much 
reduction  in  the  volume  of  the  imprisoni-d  air,  it  is  easy  to 
push  in  the  piston  ;  but  as  the  space  Ix-neath  the  pi.ston  becomes 
smaller,  the  pres.sur«.'  we  nmst  exert  Ix'conteH  greater,  and  at 
last  by  no  ordinary  efVorl  can  we  n-iluce  the  volume  further. 
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W«;  thus  reach  the  j^ciutuI  law — the  Hiiialler  the  vohuiie  the 
greater  tlie  pressure.  IJut  we  must  study  the  matter  more 
accurately. 

Thii  i«  cuiiveiiieiitly  |  j 

Y7  dono    by    means    of    the 

ih      I       api.ar.itus  shown  in  Fig. 
[JC  8!l.       It  coiixiHtN   of  a   J- 

h)ih|>u(1  ttiliti,  with  the 
sliortiT  branoli  cl>>»eil,  the 
longor  open  ;  ami  Itehind 
tlio  two  liranchos  are 
scales  by  means  of  which 
tho  iieii,'ht  of  the  mercury 
in  them  can  be  rcHtl. 

First  of  all,  start 
with  the  mercury  at  the 
same  level  in  tlio  two 
branches  (u,  Fig.  90). 
Then  the  pre  sure  on 
the  mercury  in  the  long 
branch  is  that  of  1  at- 
muHphere,  and  that  is  the 
pressure  to  which  tho 
enclose<l  air  in  the  shorter 
branch  is  subjectetl.  Sup- 
pose tho  level  of  the 
Fia.  99.— Boyla'i  mercury  is  24  cm.  below 
the  closoil  end. 
Now  pour  njercury  in  the  open  end 
until  the  mercury  in  the  clo.sed  branch 
is  I'J  cm.  .below  the  closei'.  eiid,  aiul  hence  the  new  volume  is  half  tho 
original  volume.  It  will  now  Ih)  found  that  tlie  mercury  in  the  long 
branch  stands  alxiut  T»5  cuj.  above  tliat  in  the  short  bninch.  Now  a 
height  of  7fi  cm.  of  mercury  is  equivalent  to  1  atmosphere.  Hence  the 
pressure  exerted  now  on  the  enclosed  air  is  2  atmospheres. 

If  now  we  could  jK)ur  in  mercurj'  until  that  in  the  short  branch  is 
8  cm.  Iwlow  tlie  ch>sed  end,  the  volume  would  Iks  J  of  that  originally. 
If  the  other  tube  were  long  enough  the  mercury  in  it  would  l)e  2  x  76 
=  162  cm.  alK)ve  the  level  in  tlie  Hhort  branch.  This,  with  the  atmosphere 
alnive  it,  gives  a  toUl  juessure  of  .'?  atmospheres  u{)on  the  enclosed  air. 
Similarly  with  other  reductions  in  volume. 


Pio.  00.— niuatntinf;  Boyle's  Law. 
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We  "CO  tl'cn  tliat  if  the 

Vc.hinus  are    A,  J,  i,  \ "f  the  original  vohimo,  the 

Pros-sureH  iin;  2,  .'J,  4,  5  ... .  tiiiH~»  tht«  <irij:iiml  preHHure. 
This  is  known  lis  Bovi.F.'s  L.vw,  and  it  is  usimlly  stut«'<l  tlms: 
Ifthrtemppmturi'  i»h-pf  n>nxhn\t,tUe  rolnmpofinjlmi  wnm 
of  air  i'urici*  inreraebf  n-i  thf  preHnnrr  to  which  if  is  snl'j'rfed. 

PROBLEMS 

1.  In  the  statement  of  Boyle's  Law  the  condition  in  mailo  that  the 
teiniMiniture  remains  coii.staiit.     Why  is  thi.s  necessary  I 

2.  Gas  is  force<l  into  a  tank  whose  volume  is  2  cu.  ft.  until  the  pres- 
■nre  of  the  gas  is  250  i>ounil8  i>cr  Rii-  inch.  The  pis  is  now  allnwetl  to 
expaml  into  a  larger  tank,  ami  on  ni<a.siirini;  the  pressure  it  was  found  to 
he  50  jHJunds  per  wj.  inch.     What  is  tlie  v.-lumo  of  the  larger  tank  ? 

—  3.  A  gas-holder  contains  22.4  litres  of  gas  at  atmospheric  pressure 
when  the  barometer  stands  at  7<>0  mm.  ^What  wouhl  tlie  volume  of  this 
nui«8  of  ga.s  be  if  the  barometer  fell  to  T4r»  nun.? 

/  4.  Twenty-five  cu.  ft.  of  gas,  measured  at  a  pressure  of  2fl  in.  of 
mercury,  is  coinprossod  into  a  vessel  who.se  capacity  is  U  cu.  ft.  What 
is  the  pressure  of  the  gas  ? 

f-  5.  A  mass  of  air  whose  volume  is  150  c.c.  when  the  barometer  stands 
at  7.'>0  uim.  has  a  volume  of  200  c.c.  when  carrieil  up  to  a  certain  lieight 
in  a  i)aUooii.      Wliut  wiw  the  readin;,'  of  tlie  ban.mett  r  at  that  lieight  ? 

(i.  A  cylinder  12  in.  long  is  filled  with  air  at  atmospheric  pressure, 
and  a  iiiston  is  then  inserted  and  force<l  down  mitil  it  is  2  in.  from  lh« 

Ixtttom.     What  is  the  pressure  of  the  enclosed  air  if  the  barometer  sUnds 

at21»in.? 

7.  Oxygen  gas,  used  for  the  'lime-light.'  is  stored 

in  steel    tanks.     The    volume   of  a  tank  is  C,  cu.   ft., 

and  the  pressure  of  the  gas  at    first    was    15    atmos- 
pheres.    After  some  had  been  us«<l  the  pres-suro  was 

5  atmospheres.-    If  the  gas  is  sold  at  0  ciiits  a  cu.  ft., 

measured  at  atnio.spheric   pressure,    wh.it   should   be 

ch.nrged  for  the  amount  consumed  ? 

82.  Buoyancy  of  Gases.  If  we  consider 
the  caust!  of  ])tioyancv  we  must  recojjnize 
tli:it  Archinie<lts'  principle  applies  to  j,'ase.«i 
as  well  a.s  to  li(]ui<ls.  If  a  liullow  metal  or 
gla.s8  globe  A  (Fig.  91).  suspended  front  one  end  of  a  short 


Fi*.  91.  — Buo)«Bcy 

otkir. 
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halancc  Im-hiu  ami  counterpoised  by  a  sinnll  weight  li  at  the 
other  eml,  is  j)lartil  uiuler  the  re<'eiver'of  an  air-juiiiip  ami 
tht!  air  exhaust. ij  from  the  rt-cciver,  the  ;,'lolx;  is  setii  to 
sink.  It  is  evi<h'nt,  therefore,  that  it  was  supi^orted  to  a 
certain  «'xtent  1)V'  the  Imoyaney  of  the  air, 

A  <;as,  like  a  lii|ui<l,  exerts  on  any  l>o<ly  imniersc<l  in  it, 
u  buoyant  foree  whieh  is  etnial  to  the  weij^ht  of  tht;  piH 
(lisplaceil  l>y  tlie  h' <ly.  If  a  hiwly  is  lighter  than  the  weij^lit 
of  tlie  air  e<|ual  in  vohinie  to  itself,  it  will  rise  in  the  air,  just 
as  a  cork,  lei  free  at  the  bottom  of  a  pail  of  water,  rises  to  the 
surface. 

83.  Balloons.  Tho  uso  f)f  ftir-»liij>H  or  l).iU(»f>ns  is  mado  iK>sHilili'  \>y 
the  Imi'y.imy  "f  tliu  air.  A  IkvUimmi  is  ii  hirge,  light,  giw-tiglit  l>ag  tilkil 
with  Buine  gius  ligiitur  tlmn  :iir,   iisuiUly  liydregcn  or  ilUiminatiiig  gim. 


Fm.  92.  -  Zi-iH>rlin's  air-ship,  ovw  400  ft.  lonjt  and  »bl«  to  f«iT>-  30  puaengFra. 

Fig.  92  shows  tilt'  constrmtioii  of  an  airship  devised  l»y  Count  Zeppelin 
in  r.triiijiny.  Hy  nK-ans  of  propclkrs  it  cm  lie  driven  in  any  desired 
direction. 
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A  ImIIooii  will  continue  to  rinc  »•>  long  as  its  weight  ih  lou  than  the 
wui'^ht  of  tho  nir  whit'h  it  ilis|ilii<-('H,  iin*l  when  then*  tn  n  Ixilancu  li<'t»oi>n 
the  two  forci'H  it  Hi.iiply  tloittsat  a  constant  lii'ii;iit.  Tliu  iu-roiiant  luHinrains 
hi.s  jMwition  )>y  mljiistin^  the  wt'i;;lit  of  tlit-  lialloon  to  the  Imoynncy  of  the 
air.  When  hu  (lenin-H  to  axreml  he  throw*  out  h.'ilhiHt.  To  ileHc'enJ  he 
allows  gati  to  uscapu  and  thiiM  ilecreaiti s  the  hiioyaney. 

QUESTIONS 

1.  Why  nIioiiM  tlie  ga-s-hag  1h;  mihject  to  nil  inereaHetl  Htniin  from  tho 
preNSuro  of  tiie  g.-ui  within  ait  the  halloon  ascciuls  t 

2.  AeronaiitH  report  that  IkiIIooii!!  have  greater  huoyancy  during  tho 
day  when  tlie  huu  in  Hhining  ui>on  them  than  at  night  when  it  is  cold. 
Account  for  this  fact. 

3.  If  tliu  volume  of  a  halloon  remain  constant,  where  Hlmuld  ita 
buoyancy  I m)  tin- greater,  noar  tliu  earth'it  Hurfaco  or  in  the  up{H,'r  strata 
of  the  air  /    Give  reasons  fur  your  answer. 
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C'HAITER    XIII 

Applications  ok  tiik  Laws  ok  (Jaseh 

84.  Air-Pump.  Tli.-  onlinary  uii-punip,  us«'<l  for  n-inoviiig 
tlif  Jiir  from  a  viss.l,  is  illustmt.'d  in  Fi;,'.  9'\.  It  «lrjM"ii<lH  on 
the  f.u-t  that  a  hhh  is  al-vays  tiyinj;  to  expand,  an<l  wlu-n 
|M'rniilti'<l  spniwls  into  all  availal)le  spare. 

Tin;  nctioii  of  llio  pump  Ik  iih  f.-ll.-wH  ;     Wliiu  tli»-  i-ixtnn  /'  in  rai«t(l, 
the  Viilve  T,  in  cIohi-J  by  it«  own  wuigiit  ami  tlie  pn-KKiin-  of  the  air  aUive 

it.  Tlie  expaiiM'.vo  fori'i'  "f 
tlio  air  ill  tlic  n  ceiviT  li  liftn 
thf  valve  r.,  and  a  portion  of 
the  air  Howh  into  the  lower 
jKiit  of  tlif  iMirnl  .1  R  Will  n 
till!  piston  /'  «lfsiiinls,  the 
Valve  I'.,  is  closed  and  the 
air  in  the  li.irrel  passes  up 
thiou;,'h  the  valve  Tj.  Thus 
at  eaih  douMe  stroke,  a  fr.u;- 
tioii  »if  the  air  is  reiimvul 
from  tlu!  receiver.  The  ac- 
tion of  the  pump  continiieH 
until  llie  expansive  force  .  I  the  air  in  the  receiver  is  no  loimer  suHicient 
to  lift  the  valve  T.,,  or  wlun  the  pressure  of  the  air  l)elt>w  tlie  piston  fails 
t.i  lift  tlie  valve  l\.  It  is  evident,  therefore,  that  a  partial  vacuum  only 
can  l>e  ohtaiiied  with  a  pump  of  this  kind.  To  secure  more  complete 
exhaustion,  pump^  in  which  the  valves  are  oj»ened  and  closed  automatically 
hy  the  motion  of  the  jtisi.  ii  are  frequently  used,  hut  even  with  these  all 
the  air  cannot  he  removed  from  the  receiver.  In  recent  years  pumpB  on 
entirely  dilFerent  principles  have  heeii  constructed  in  order  to  secure  more 
complete  removal  of  the  air. 

85.  Air  Condenser.  Air-ptimps  are  also  constructed  for 
forcin;;  air  into  a  v»-.ssel.  Tlu'  simple  ])icycU'-punip  is  a  familiar 
examplo.  As  its  piston  is  drawn  back  the  air  leaks  in  pa.st 
it  and  tills  the  barrel  of  the  piunp,  and  when  the  piston  is 
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Kio.  o:t.-ronimon  fomi  of  air-pump.  AR,  cvlin- 
<lric-,-il  Imrrel  of  |iiiiii|i:  H,  r»o«iver  trom  »hi'  h  air 
i.H  ti.  iir  r\h:iii»!i-il ;  ''  pipe  I'Oiinwlitii.'  lp.'»rrrl  »ilh 
rtM-tiMT;  /',  iiiBtoii  of  |iiiiii|i;  V,  arnl  V.,  \al\et 
niH'iiiii^'  iipuanln 
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pushiHl  ill  this  air  is  coiiiprcHwed  until  it  lifts  the  valve  in  the 
tirt'  ami  i.s  forced  in. 

TJie  tiHual  armii«ciiient  .if  tho  valves  in  a  ciuloniier  in  ihown  in  Fig. 
94.  Ill  tluH  CHM  R  is  the  v«rtel  which  we  wiah  to  fill  with  compreMwl 
air.  When  tho  \mUm  /*  i« 
raiiM>d  the  inlet  viilvo  F", 
<>|teiiH  and  tlioair  riiNlii-H  in 
from  tho  ouUiile  Ut  till  the 
|iuiiip  Iriirrvl.  On  |>UHiiin|; 
clown  tho  piHtoii  the  inlet 
viilvo  r,  is  closetl  antl  the 
air  in  forcoil  thniugh  the 
outlet  Trtlvo  V.^  into  the 
tank.  On  the  u|»-Htr<>ke  this  valve  ia  cIohmI,  thua  retaining  the  air  in  tho 
tank.  It.  will  U>  HOi-n  that  at  each  double  ttruke  (up  and  down)  a  barrel- 
ful  of  air  ia  forced  into  tho  tank. 

86.  Air-Brak«l.  Of  the  many  npplicatioim  of  compreaaed  air  one  of 
the  most  useful  is  tho  air-brake,  now  very  largely  uwxl  on  ortlinary  railway 
and  electric  care.      The  perfecting  of  this  invention   Itas  rendered  the 


rio.  »4.-Air  compraMor.      P,  PiKon ;   R,  Uak  or 
rtc«Wtr;    I',,  inlat  valve ;    P,,  outitt  vkjvc. 


Ft«.  06.— Alr-bnkw  tn  uae  on  railway  trains.    The  left  portion  U  on  the  looomotive,  the  right 

on  the  car. 

handling  of  trains  much  aimpler  and  safer.  In  Fig.  96  are  shown  the 
principal  working  parta  of  the  Weatinghouae  air-brake  in  common  use  in 
this  country. 

A  steam-driven  air-compreasor  A,  and  a  Unk  B  for  holding  the  cora- 
pressotl  air,  are  attached  to  the  locomotive.     The  former  ia  usually  to  be 
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seen  ftn  the  sido  of  the  boiler  just  in  front  of  tlie  engine  cah.  The  e<iiiip- 
nient  on  each  car  c<in.sist.s  of  (i)  a  cylinder  ('  in  which  moves  ;.  i  isr<n  P 
which  in  directly  connected  hy  a  piston-iod  h  and  a  systeia  of  it  .  ors  with 
the  brake-shoes  which  hani;  ready  to  be  ])Hshcd  against  the  car  wheels  ; 
(ii)  a  secondary  tank  A';  and  (iii)  a  systi'in  of  conncclinj^  jiipes,  and  a 
siKcial  valve  F.  This  valve  is  so  constructed  liiat  when  the  air  from  Ii  is 
admitted  to  the  pijies  it  connects  Ii  with  A',  thus  maintaining  in /v' the 
same  pressure  as  in  Ii ;  l)ut  when  the  pressure  of  the  air  in  the  pi{)e8  is 
removed  the  valve  connects  I]  with  C.  ' 

When  the  traiii  is  running,  pressure  is  maintained  in  the  pipes,  and 
the  brakes  hang  free,  but  when  the  pressure  is  decreased,  either  purposely 
by  the  engineer  or  by 
the  accidental  lueaking 
of  a  connection,  tlio 
air  rushes  from  1!  into 
(',  forces  the  piston  P 
forward  and  the  brakes  G/'i 
aieset.  To  takeolFthe 
brakes  the  engineer 
a.,'ain  turns  the  air  into 
the  pil>es,  the  value  F 
connects  P>  witli  E,  and 
the  air  in  cylinder  C 
is  allowed  to  escape, 
while  the  piston  P  is 
forced  into  its  original 
positiin  by  a  spring 


Fio.  90.— Diver's  suit. 


87.  Diving  Suits. 

The    modern   diver  is 


incased     in    an    air-tight     weighted    suit    ••'">•  97.— Suction-pump.    AB,  cylln- 
/■v<-        no\       XT       ■  1-     1       -.1        •       r  drioal  l)»rrel ;  BC,  guctionpipe ;  i*. 

(^Ig.    !•»)).      He    IS    supplied   with   air    from      piston;  K,  and  K,.  \alveii  opcninK 

above    through     pipes    or    from     a    ct.m-     ZZtio'Lml^" '"''" '''''''' 

pressed-air   reservoir   attached  to  his   suit. 

The  air  escapes  through  a  valve  into  the  water. 

Manifestly  the  pressure  of  the  air  used  by  a  diver  must  Iwlance 
the  pressure  of  the  outside  air,  and  the  pressure  of  the  water  at  his 
depth.  The  deeper  he  descends,  therefore,  the  greater  the  pressure 
to  whicli  h-.^  i.H  .s!ibj,.c!.-d.  Th^.  ordiiiary  linsit  uf  safetj-  is  about  SO  feet ; 
but  divers  have  worked  at  depths  of  over  200  feet. 
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88.  Suction  or  Lift  Water  Pump.  Tlie  construction  of  the  com- 
mon sucti()ii-pumi>  ia  shown  in  Fig.  '.T.  Diinng  the  first  strokes  the 
suction-pump  nets  iis  an  air-pump,  wifliiliiiwing  the  air  from  the  suction- 
pipe  /iC  As  tlie  air  below  the  piston  is  removed  its  pressure  is 
lessened,  and  the  pressure  of  the  air  on  the  surface  of  the  water  outside 
forces  the  water  up  the  suction-pipe,  and  tlirough  the  valve  T'l  into 
tlie  oarrel.  On  the  down-stroke  the  water  held  in  the  barrel  by  the 
valve  r,  jMissea  up  through  the  vajve  F^,  and  on  the  next  up-stroke  it 
is  lifted  up  and  discharged  through 
the  spout  (r,  while  more  water  is 
forced  up  through  the  valve  Fj  into 
the  barrel  by  the  external  pressure  of 
the  atmosphere.  It  is  evident  that 
the  maximum  height  to  which  water, 
under  perfect  conditions,  is  piised  l)y 
tlie  pressure  of  the  atmosphere  cannot 
be  greater  than  the  heit;ht  of  the 
water  column  which  the  air  will  sup- 
port. The  sjMJcific  gravity  of  mercury 
is  about  13.6,  and  taking  the  height 
of  the  mercury  baromete."  as  30  inches, 
the  height  would  be  fS  x  13.6  =  34  feet. 
This  is  the  extreme  limit  to  which  a 
suction-pump  could  be  expected  to 
work,  but  on  account  of  air  in  the 
water  and  the  vapour  from  the  water 
an  ordinary'  pump  will  not  work 
satisfactorily  for  heights  above  25  feet. 

89.  Force -Pump.  When  it  is 
neces.sjiry  to  raise  water  to  a  consider- 
able height,  or  to  drive  it  with  force 
tlirough  a  nozzle,  as  for  extinguishing 

fire,  a  force-pump  is  used.  Fig.  !)8  shows  the  most  common  form  of 
its  coii.struction.  On  the  up-stroke  a  partial  vacuum  is  formed  in  the 
barrel,  and  the  air  in  the  suction-tube  expands  and  jwisses  up  through 
the  valve  F.  As  tlie  plunger  is  pushed  down  the  air  is  forced  out 
tlirough  the  valve  f\.  Tlie  panip,  thirefore,  during  the  lirst  stnjkes 
acts  as  an  air-pump.  As  in  the  suction-pump,  the  water  is  forced  up 
ill!!!  tlj.^  sti!'"ti<>!!-pi}.o  b-y  thf^  jiri'^^iiri-  <!f  tji 


Fio.  98."  Forcepump.  AB.  cylindrical 
barrel ;  BC,  ■action-pipe;  P.  ptntori ;  F, 
airchamber;  K,,  valve  in  ■iiction-pipe; 
Kj,  valve  in  outlet  pipe;  G,  (ligt^harKC 
pipe  ;  /{,  reservoir  from  which  water  ia 
taken. 


lo  .Tir  <!» 
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water  in  the  reservoir.     When  it  enters  the  barrel  it  is  forced  by   the 
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l.luiigir  at  ciich  (lown-struko  tlir..;i.;li  the  vulvo  I',  into  tliu  < 
pipe.  Tlie  tlnw  will  ..l)vi.)iisly  Le  iiiteimittilit.  as  the  oiittlow  takes  place 
oMly  as  the  plui.^.r  is  aes.vn.lin,!,'.  T<.  pn^hue  a  continu.-n.s  stream,  and 
t..  leHs..n  the  .shuck  on  the  pii.e,  an  air  ihaniher  f\  is  ..flen  inserte.l  in 
the  (lischaru'o  pipe.  When  the  water  ent.rs  this  chaniher  it  rises  alx.ve 
the  outlet  a  which  is  8oni.-wh.it  smaller  than  the  inlet,  and  e..nij)re.sse8 
the  air  in  the  chanihrr.  As  the  phue^er  is  a.sc.n.lin-  the  pressure  of  tho 
inch.se.l  air  f..rce.s  the  water  ..ut  of  the  chaniher  in  a  continuous  stream. 

90.  Double  Action  Force -Pump. 
In  Fi*,'.  !»'J  is  shown  the  con.structi.m 
of  the  douhle-action  force-pump.  When 
the  piston  V  is  m.)Ved  forward  in  the 
direction  of  the  — r.)W,  water  is  drawn 
int.)  the  back  «.f  the  cylinder  through  the 
valve  I',,  while  the  water  iji  front  of  the 
pistcn  is  f.>rced  out  thr.Migh  tho  valve  IV 
On  the  hackwar.l  stroke  water  in  drawn 
in  tin. .ugh  the  valve  I'.,  and  is  forced  out 
through  the  valve  l\.  Pumps  of  this 
type  are  used  as  hre  engines,  <.r  for  any 
purposes  for  which  a  large  cmtinuous 
stream  of  water  is  re.piired.  They  are 
usually  worked  hy  steam  or  other  power.  Air-pun.ps  working  on  this 
principle  are  als.j  used. 

Exercise  on  the  Action  of  Pumps. 

Fir.tt  UU  a  wide-m.xith  bottle  with  water,  and  through 
a  cork  insert  a  glass  m.xlel  of  an  or.linary  pump.  Work 
the  pump.      It  will  n.it  i>nmii  the  water  out.     Why  ? 

Next,  oidy  jiartially  till  the  bottle,  as  in  Fig.  100,  and 
try  the  i>unn)  again.  It  w.-rks  f..r  a  while  but  then  refuses 
to  act.     .Vccount  f.ir  this  behavi.>ur. 

91.  Siphon.  II"  a  bent  tube  is  tilled  with  water, 
3  end  placed  in  a  vessel  of  water,  the  other  end 
an  empty  vessel,  an<l  the  ends  unstopped,  the 
water  will  How  freely  from  the  tube  so  long  as 
there  is  a  difference  in  level  in  the  water  in  the 
j.^yi,  veJ^sels.  A  bctit  tidM-  of  this  kinH,  u.sed  to 
transfer  ii  li<inid  from  one  vessel  to  another,  at  a  lower  level 
is  called  a  siphon. 


Fjq.  90. -Doiililo  action  foroe-pvmip. 
r,  piston  ;  t',,  r„  inlet  valve*;  \  „ 
V,,  outlet  valves. 


one 
in 
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Fio.  101.— The  fiphon. 


To   understand  the   cuuso   of   the  How  consider  Fig.  101. 
The  pressure  at  A  tendinvjio  move  tlie 
water  in  the  sij)hon  in  the  direction  AC 
=  the  atujospheric  pressure  — the  pres- 
sure due  to  the  weij^lit  of  tlie  water 
in.lC; 
and  the  pressure  at  li  tendinj^  to  move  tlie 
water  in  tlie  siphon  in  the  direction  JiD 
=  the  atmospheric  pressure  — the  pres- 
sure due  to  the  weight  of  the  water 

in  ni). 

But  since  the  atmospheric  pressure  is  the  same  in  lK)th  cjises, 
and  the  pressure  due  to  the  weight  of  the  water  in  AC  is  les^s 
than  that  due  to  the  weight  of  the  water  in  HI),  the  force 
tending  to  move  the  water  in  the  direction  AC  is  greater  than 
the  force  tending  to  move  it  in  the  direction  Jil)\  consecpiently 
a  flow  takes  place  in  the  direction  ACDli.  This  will  continue 
until  the  vessel  from  which  the  water  flows  is  empty,  or  until 
the  water  comes  to  the  same  level  in  each  vessel. 

QUESTIOHS 

1.  Uj)©!!  what  docs  the  limit  of  the  height  t<>  wliich  a  liijuid  can  be 
raisetl  in  a  siiphon  depend  ? 

2.  Over  wh;it 
height  can  (<«) 
mercury,  (b) 
wjiter,  be  niiule 
to  flow  in  ii 
siphun  i 

3.  Arrange 
apparatus  as 
shown   in    Fig. 

102.     Let  water  from  a  tap  run  dwdij  into  the  bottle.     What  takes  place  ? 
Explain. 

4.  N.-iturul  reserv-iiirs  are  sometimes  f-und  in  tho  oarth,  fmjn  which  the 
water  can  run  by  natural  siphons  fa.ster  than  it  tlows  into  them  from  alwve 
(Fig.  103).     Explain  why  the  discharge  through  the  siphon  Is  intermittent. 


Fia.  lO-J. 
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C'HAITKU    XIV 

MOLECULKS    AND   THKIll   MOTIONS 

92.  Evidence  Suggesting  Molecules.  Some  of  the  Kiinplest 
C'xpciiiiiiMits  when  closely  considered  lead  to  most  interestinj; 
conclusion.s. 

Let  us  place  a  piece  «>f  wood  or  some  beans,  i)e!ia,  or  other  such  seeds 
in  water.     The  water  soaks  into  tlieni  and  tliey  swell  in  size. 

Again,  water  and  alcohol  are  almost  imconipressihle.  Exert  the 
greatest  pressure  on  them  tliat  yoti  c:m  and  you  will  not  observe  any 
decrease  in  volume.  But  now  mix  50  c.c.  of  water  with  50  c.c.  of  alcohol  ; 
the  resultint;  volume  i.s  not  100  c.c.  but  only  about  1)7  c.c. 

Also,  when  copper  and  tin  are  mi.Ked  in  the  proportions  of  2  ()f  cop|>or 
to  1  of  tin  the  two  substances  form  an  alloy,  the  volume  of  which  is  7  or  8 
per  cent,  less  tlian  the  sum  of  the  volumes  of  the  two  metals. 

Still  again,  sevenil  gases  may  be  inclosed  in  the  same  space,  or  gases 
may  be  contained  in  litiuids.  Fish  live  by  the  oxygen  which  is  dissolved 
in  the  water. 

These  and  many  other  similar  phenomena  have  led  us  to 
lu'lieve  that  all  bodies  are  made  up  of  very  small  particles 
with  spaces  between,  into  which  the  small  particles  of  other 
bodies  may  enter.  Tlu'se  particles  are  t<x>  small  for  us  ever  to 
expect  to  see  them  with  our  best  microscopes;  even  if  the 
ninoiiifyinfj  j)ower  was  ^reat  en(>u<,di  we  would  probably  not 
be  able  to  see  them  as  we  have  j^ood  reason  to  believe  that 
they  are  always  movin<j  so  rapidly  that  the  eye  could  not 
follow  them. 

These  'miiuite  separate  particles  are  called  mol<'cuh'.<  By 
suitable  means  in  some  ca.ses  these  molecules  can  be  further 
divided  ;  we  then  obtain  dfonifi,  but  tlu-  substance  is  no  longer 
the  same.  We  say  it  has  suftered  a  chemical  change.  Thus, 
if  we  break  U|)  the  water  molecule  we  obtain  oxygen  and 

hydrogen — it  is  water  no  more. 

86 


DIFFUSION'  OF  OASES 


87 


Km.  101.— U\<lro){en  in  oiu-  vfniwl 
iliiic'kly  mixfs  with  ox.vdeii  in  the 
other. 


93.  Diffusion  of  Oases.  Tin-  Miolfcnlcs  nf  diflVrcnt  j^ascs 
ini.\  t<><,'('tli«T  very  freely.  Tliis  i.s  \\r\\  illustrat»'«l  hy  the 
followiii}^  experiment : 

Fill  «ne   wide-iiuiiithtMl  jar   with  hyiln>gcn  ninl   ii  siiiiiliir  out-  with 
oxygen,  wliich  is  16  times  as  hoiivj ,  covering  the  vessels  with  ghiss  pliites. 

Then  put  thent  together  as  sliown  in 
Fii;.  104,  the  heavier  gas  being  in  the 
lowiT  j;ir,  an"!  withdraw  the  gla>s  plates. 
After  allowing  them  to  stand  for  some 
minutes  separate  tlieni  and  apply  a  mateli. 
At  once  there  will  he  a  similar  explosion 
from  each,  showing  that  the  two  gases 
liave  become  thoroughly  mixed. 

In  this  c.iso  the  diflTusion  takes  place 
very  rapidly.  If  the  opening  between 
the  two  jars  had  been  small  it  might 
require  hours  for  a  thorough  mixing,  but 
in  time  the  contents  would  become  identical  in  composition. 

It  is  throiicrli  (litfuHion  thiit  the  proportions  of  nitrogen  and 
.oxyjjen  in  the  earth'.s  atmosphere  are  the  same  at  all  elevations. 
Thoujrh  oxygen  is  the  heavier  constituent  there  is  no  e.\ces,s 
of  it  at  low  levels. 

94.  Difiiision  of  Liquids  and  Solids.  Li(iui<ls  ditiusc  into 
each  other,  thoujjh  not  nearly  so  rapidly  a.s  «lo  (^jises.  The  two 
following  simple  experiments   illustrate  this  well. 

On  the  surface  of  clear  water  in  a  tumbler 
lay  a  piece  of  paper,  and  then  carefully  pour 
coloured  alcohol  (density  0.8)  on  it.  Then  re- 
move the  paper  and  the  mixing  of  the  two  will 
be  seen  to  commence  at  once  and  will  proceed 
quite  rapidly. 

Let  a  wide-mouth  b.ottle  a  (Fig.  105)  bo 
filled  with  a  solution  of  copper  sulphate  and 
then  {ilaced  in  a  iarger  vessel  containing  clear 
water.  The  solution  is  denser  than  the  water 
but    in    time    the    colour   wiii    h»   dintributcd 


Fia.  105.— Copper  sulphate 
Boliiiion  in  a  t)Ottle,  placed 
ill  a  veswl  of  water.  In 
time  the  blue  solution 
Hpre.-xiB  all  ihroui^h  the 
water. 


I 
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unifonnly  throughout  the  liquid. 
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111  tilt'  oasti  of  solid  bo<li.-s  tlie  inixiii<j  of  th<.'ir  uiok-cult'S  is 
very  slow,  but  it  tak.-s  place  nev.rthel.ss.  If  discs  of  gold 
and'  l.-ad  In-  kept  in  close  contact  for  several  we.-ks  and  then 
test.-d,  gold  will  be  <lelected  in  the  lead  and  lead  in  the  gold. 

We  are  thus  led  to  believe  that  all  bo'lies  are  compose*!  of 
inolecul.s  which  are  continually  in  nujtion.  If  the  tempera- 
ture of  the  Ixxly  rises  the  motions  iM'Come  more  vigorous. 

95.  Passage  of  Hydrogen  Through  a  Porous  Wall.    The 

molecules  of  hydrogen  are  very  light  and  their  velocities 
are  verv  great.  As  a  conseciuence  it  is  harder  to  confine 
hydrogen  in  a  vessel  than  most  other  gases,  and  it  diffuses 
more  "rapidly.  This  is  well  illu-strated  in  the  following 
experiment : 

All  imglrized  earthenwivro  pot,  .4  (such  fw  is  used  in  yalvnnic  Kitteries), 
is  closed  with  a  nihl>er  or  other  cork  iiniM.'rviou8  to  ftir,  ami  a  glass  tube 
connects  this  with  a  liottle  nearly  full  of  water  (Fig. 
10<5).  -^  Miuill  glass  tuhe  B,  dnvwii  to  a  point,  also 
passes  through  the  cork  of  the  hottle  and  reaches 
nearly  to  the  botUnii  of  the  bottle. 

Now  hold  over  the  por.ms  pot  a  l>ell-jar  full  of 
dry  hydrog.M,  or  jwiss  illuminating  gas  by  the  tube  C 
into  the  bell-jar.  Very  soon  a  jet  of  water  will  spurt 
from  the  tube  B,  8<mietiuies  with  considenible  force. 
After  this  action  has  ceased  remove  the  bell-jar,  and 
bubbles  will  bo  seen  entering  the  water  through  f'n 
lower  end  of  the  tube  />'. 

At  first  the  sjjace  within  the  pfirous  i)ot  and  in 
the  bottle  above  the  water  is  filled  with  air,  and  when 
the  hydi.igen  is  placed  above  the  pfirous  pot  its  mole- 
Experiment    cubs  pass  in  throu;Ji  the  walls  of  the  l)ot  much  faster 
than   the  air   molecules  come   out.      In   this  way  the 


Fio.  106.    _  . 
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throuKh    u    i>orou3     ,„-,.ssuie  within  the  pot  is  increa.scd,  and  this,  when 
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transmitted  to  the  surface  of  the  water,  forces  the 
water  out  in  a  jet.  When  the  jar  is  removed  the  hydrogen  rapidly 
escapes  from  .1  thron.v'ii  the  porous  walls  ami  the  air  rushes  in  through 
the  tube  /.'  and  is  seen  to  bubble  up  through  the  water. 
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96.  Molecular  Motions  in  Liquids.  In  Hcniiils  the  motions 
of  tliu  niolccnlis  ait>  not  so  unrestr.iin<'<l  as  in  a  ^ns,  hut  one 
can  lianlly  doubt  that  tht'  nx'tions  i-xist,  liowt'vcr. 

Tilt'  spaces  httwi'on  tlie  molecules  are  nuich  smaller  than  in 
a  t'as  and  so  their  collisions  together  are  niueh  more  frequent. 
Moreover  the  molecules  e.xert  an  attractive  force  on  each  other, 
the  force  of  cohesion,  hut  they  glide  ahout  from  point  to  point 
throughout  the  entire  mass  of  the  li<|uid.  Usually  when  a 
molecule  comes  to  the  surface  its  neighlK)urs  h(jld  it  l)iick  and 
previ-nt  it  from  leaving  the  liquid.  The  molecules,  however, 
have  not  all  the  same  velocity,  and  cx^ousionally  when  a  tpiick- 
moving  one  reaches  the  surface  the  force  of  attraction  is  not 
sutfieient  to  restrain  it  and  it  escapes  into  the  air.  We  say 
the  liquid  tv<fp<friife». 

When  a  litpiid  is  heated  the  molecnle.s  are  made  to  move 
more  rapidly,  and  their  collisions  are  more  fre(juent.  The 
result  is  that  the  li(|uid  expands  and  the 
eva{M)ration  is  more  rapid. 

In  the  ca.se  of  oils  the  molecules  appear 
to  have  grejit  difficulty  in  escaping  at  the 
surface,  and  so  there  is  little  evaporation. 

97.  Osmosis.  Just  as  the  porous  pot 
(§  9.5)  permitte<l  the  gas  hydrogen  to  jmuss 
through  it  more  freely  than  air,  so  cerUiin 
suhstances  allow  some  li(juids  to  pa.ss 
through  them  more  freely  than  others. 
This  is  well  shown  in  the  following 
experiment : 

Over  the  opening  of  a  thistle-tube  kt  us  tie 
a  sheet  of  nioi-stoned  {tarchnient  or  other  aniiiiiil  ineiiihraiie  (suih  tui  a 
piece  of  })hulder).  Then,  lis  ving  filled  the  funnel  and  a  portion  of  the 
tube  with  a  strong  sohition  o."  copper  sulphate,  let  us  suj)port  it  a.s  in 
Fi.;.  107  in  a  ve.s.scl  of  water  so  that  the  water  outside  is  at  tl-;v  same  lovol 
as  the  solution  within  the  tube. 


Flo.  107. '-Ogino«i». 
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In  .1  f.-w  ininut.'s  tlio  H..lnti..n  will  l.c  Hoen  to  liiive  ris.-ii  in  tlio  txiU, 
The  ujii.r  will  uiipifir  him-,  Hlmwiii-;  that  «nim!  ..f  the  H<.liiti..ii  l.asc.mo 
,.ut,  iMil  iM.l.Mtlv  n.'.iv  wat»r  li.u*  .i.ten.l  tlio  Uiho.  Tl.o  rinc  in  kvel 
c.utiini.s  (p. I  Laps  f..r  tw.  ..r  tlireo  lu-ure)  nntil  th.-  liy.lr..«tatic  presNuro 
diu'  to  the  ilitri'itiiic  of  h'vels  stojm  it. 

This  inoilt;  nf  ditl'iisioii  llinMi<,'li  inciiihrniK's  is  calk'd 
osmosis,  and  tin-  (lillV'tviKv  of  l.-v.l  tlms  ohtaiiicil  is  called 
osox'fir  i>rrHs,nr.  Osmosis  i.lays  an  important  part  in  the 
proofsscs  of  nature.     Tln-n-  are  many  illustrations  of  it. 

Fill  a  piLi'H  Ma.l.U'r  with  alcohol,  tiyhtly  close  it  lui.l  then  immerse  it 
in  water.  The  hlad.ler  l>e;.'ins  to  swell  iiii.l  may  hwrst.  Next,  let  it  ho 
lilled  with  water  ami  immersed  in  alcohol  ;  it  he-inn  to  shrink.  In  this 
case  water  passes  freely  thn.u;.;h  the  hladder  hut  alcohol  cannot. 

Currants  wluii  purchase.l  at  the  grocer's  arc  dried  up  and  shrunken, 
but  when  placed  in  water  they  swell  out  and  become  n.unde-l.  This 
shows  that  the  organic  subsUncen  in  the  currants  cannot  pss  out  whdo 
the  water  passes  in. 

98.  Viscosity.  Tilt  a  vessel  containiii<j  water;  it  soon 
comes  to  its  n.-w  level.  With  ether  or  alcohol  the  new  level 
is  reached  even  more  .luickly,  but  with  molasses  much  more 
slowly. 

Althoui,'h  the  molecules  of  a  li.iuid  or  of  a  gas  move 
with  <;rea't  free.lom  amongst  their  fellows,  some  resistance  is 
encountered  when  one  layer  of  tlie  fluid  slides  over  another. 
It  is  a  sort  of  internal  friction  and  is  known  as  viHCOHity. 
Kther  and  alcohol  have  very  little  viscosity  ;  they  How  very  freely  and 
are  calle.l  mobile  li<iuids.  On  tl.o  other  hand,  tar,  honey  and  molasses  are 
very  viscous. 

Stir  the  water  in  a  basin  vigorously  and  then  leave  it  to  itself.  It 
soon  comes  to  rest,  showin-  that  water  has  viscosity.  The  vi-scosity  of 
gases  is  smaller  than  that  of  li-iuids,  that  of  air  Iwing  about  ,'5  that  of 
water. 

99.  Distinction  between  Solids  and  Liquids.  Wo  readily 
agree  that  water  is  a  ii(|uid  an<l  that  gla.ss  is  a  solal,  but  it  is 
not  easy  to  discriminate  between  the  two  kinds  of  bodies. 
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Fm.  ins  —A  |»r«inn  owidle 
lictida  Imt  ■  Ullow  on* 
krrp*  itreiKbt. 


CoiiHider  the  fcillowiiiR  experiment.  Drive  two  i«ir«  <>f  n»«U  in  »  wall 
ill  ft  warm  place,  ami  <m  <>iio  i>air  lay  a  utick  of 
nealing-wax  or  a  paraffin  candle,  on  tlie  oflit-r  a 
tallow  candle  or  a  Hlrip  of  tallow  (Fig.  I't8). 
After  »oino  tlays  ({wrliapH  weeks),  the  tallow 
will  still  1)0  straight  and  unyielding  while  the 
wax  will  he  hent. 

Now  onliimrily  oiio  would  considor  iKith  the  tallow  and  the 
wax  to  hii  Holidsi  Imt  the  latter  api)ear8  to  flow  (thoujjh  very 
slowly),  while  the  former  reUinn  its  shape.  A  li'iuid  offers  no 
permanrnt  resistance  to  forces  tendinj;  to  chnnjje  its  shape. 
Takinjj  this  as  our  definition  of  a  li«iuid,  the  al)ove  experiment 
shows'thatat  onlinary  temperatures  wax  is  a  liquid,  though  a 
very  viscous  one,  while  tallow  is  a  true  solid. 

100.  Cohesion  and  Adhesion.  When  we  attempt  to  separate 
a  solid  into  j)ieces  wo  experience  difficulty  in  doing  so.  The 
moh'cules  clinj;  together,  refusing  to  separate  unless  con»i)elled 
by  a  considerable  effort.  This  attraction  l>etween  the  mole- 
cules of  a  body  is  called  cohcnon,  and  the  molecules  must  be 
very  close  together  before  this  force  comes  into  play.  The 
fragments  of  a  porcelain  vessel  may  fit  together  m  well  that 
the"eye  cannot  det^'ct  any  cracks,  but  the  ves.sel  falls  to  pieces 
at  the  touch  of  a  finger. 

Some  subsunces  can  be  made  to  weld  together  much  more  easily  than 
othem.  Clean  surfaces  ..f  metallic  lead  when  pressed  together  cohere  so 
that  it  requires  coiusiderable  force  t.>  pull  them  apart ;  and  iK)wdered 
graphite  (the  8ul)fltance  used  in  'lend'  pencUs),  when  submitted  to  very 
great  pressure,  becomes  once  more  a  solid  mass. 

Cohesion  is  the  natural  attraction  of  the  molecules  of  a  body 
for  one  another.  If  the  particles  of  one  body  cling  to  those  of 
another  Ixxly  there  is  said  to  Ije  mlhe.'iion  between  them.  The 
forces  in  the  two  CJises  are  of  the  same  nature,  and  there  is 
really  no  good  rea.son  for  making  a  distinction  l)etween  them. 
The  force  of  cohesion  is  als.i  present  in  li.iuids,  but  it  is  much  weaker 
than  in  s.dids.  If  a  clean  gla«,  rod  is  dipped  in  water  and  then  withdrawn 
a  film  of  water  wiU  be  seen  clinging  to  it ;  but  if  dipped  in  mercury  uo 
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mercury  adhiToB.  Tliis  tthows  ihnt  tlio  iidlicHioii  hctwccn  ■.'I"'"'  mm\  wator 
U  j,'i«;.itir  tli.iii  th«  ciiluHioii  Im  t«ttii  till!  iii..li!cult!i  of  wutor,  Imt  the 
reverso  lit>l.l»  in  tlio  iiiso  of  nn-rcury  ami  j^laMs. 

101.  Other  Properties  Depending  on  Cohesion.  A  IhkIv  is 
Hiiifl  to  \>ii  I'hixlii'  when  it  cuii  lie  i«a<lily  niouMt-d  into  any 
form.  Tin?  nion-  plastic  tlif  Inxly,  the  sniiill.T  is  the  clastic 
foiTO  «'X«rtt<l  to  itcovcr  it.s  forn;.  Clay  luul  putty  aic  ^'(«j<1 
examples  of  plastie  Ixxlies. 

A  m<i1UiihJf  iKxly  is  one  which  can  Ik;  l»<'atcn  into  thin 
sheets  an<l  still  preserve  its  ct-.itinuity.  IJoM  is  the  lK;.st 
example.  The  j;ol<l  leaf  eniploye<l  in  '^ililin^''  is  extremely 
thin.     Hetwet-n  the  finjjers  it  crumples  almost  to  nothing'. 

A  durfilc  siil)stanc»(  is  one  which  can  he  drawn  out  into  fine 
wires.  Platinum,  ^'old,  silver,  copper  an<l  iron  ar«-  all  very 
ductile.  Hy  judicious  work  platinum  can  he  drawn  into  a 
wire  .jo'ojy  mm.  in  diameter.  Glass  is  very  ductile  when 
Ijcatcd,  as  also  is  (luartz.  thou^di  to  sorien  the  latter  a  much 
liitjher  temperature  is  recjuircd. 

A  frinltle  or  In-ittlr  suhstance  is  one  easily  hroken  under  a 
blow.     Gla.ss,  diamond  and  ice  are  brittle  substances 

102.  Forces  at  the  Surface  of  a  Liquid.  On  slowly  forcing 
water  out  of  a  medicine  dropper  we  see  it  gradually  gather 

at  the  end  (Fig.  lOJ)),  becoming  more 
and  more  globular,  until  at  last  it 
breaks  off  and  falls  a  sphere.  When 
mercury  falls  on  the  floor  it  breaks  up 
into  a  thousand  shining  globules.  Why 
do  not  these  flatten  out  ?  If  melted 
lead  be  poured  through  a  sieve  .\t  the 
f!o.  io9.-AdropotwauraM.ime.  top   of   a  towcr  it    forms  iuto  drops 

the  globular  form.  ^.j^j^j^    j^^^^^j^^^    ^^^    ^^^^    ^^.^^^,    J„,vn  and 

finally  appear  as  solid  spheres  of  shot. 

When  the  end  of  a  stick  of  sealing-wax  or  of  a  ro«l  of  glass 
is  heated  in  a  flame  it  assumes  a  rounded  form. 


SURFACE  TENSION   IN  SOAP  FILMS 


ThcHc  actions  are  due  to  cohosion.     Tlu'  Hurfuce  of  a  li<iui«l 
iilwiiVH  trvH  to  }K'foiiu>  iiH  Kinall  an  jm).  il.li-.     Iii(Ue<},  ihe  li<iui«l 


Ih-Ii 


ivos  as 


tliou 


'h    it    was    covt'r«'<l  l»V  a   tliiu  rubU'r  slii-tt 


always  strt'tclud  ti},'lit,  or  in  a  state  of  ttnsion.  an'  the 
phcnonifiia  (IfScriUMl  alx)ve  arc  sai<l  to  he  due  to  Murjarf 
hnsinti.  Tlure  are  many  interesting  and  In-autiful  exp-ri- 
nients  illustrating  surface  tension,  a  few  of  which  follow. 

103.  Surface  Tension  in  Soap  Films.  The  surface  tension 
of  water  is  l)eautifully  shown  by  8t)ap  hubbies  and  tilnis.  In 
these  there  is  very  little  matter,  and  the 
force  of  "gravity  d(x;s  not  interft-re  with 
our  experimentinj;.  It  is  to  Ik.'  ol>served, 
too,  that  in  the  bubbles  and  films  there 
is  ;iM  outside  and  an  inside  surface,  each 
under  tension. 

Ill  .m  infl.ilutl  toy  bfilloon  too  rubber  is 
iimler  toimioii.  Tliis  is  hIiowii  by  laickini;  with 
a  |iiii  or  untying  tlie  mouthpiece.     At  once  the 

air  is  forced  out  and  the   b;illoon  bt»c<»nii'3  tint. 

.     .,         ,r    .    ■        1.    ■       t       -AT  1111  Flo.  no.- So«p  liuliMc  Wow- 

A  sHuil.ir  effect  is  obUmed  with  rtSfiap  biil)l>le.  in^  out  » camllf. 

Let  it  be  blown  on  a  funnel,  nnJ  the  small  end 

be  held  to  ft  candle  flamo  (Fi;,'.  110).     The  outrushing  air  at  once  blows 

out  the  flame,  which  shows  that  the  bubble  behaves  like  an  ela.stic  l)ag. 

There  is  a  diflference,  however,  between  the  l)alh>on  and  the  bubble. 
The  former  will  shrink  only  to  a  certain  size  ;  the  latter  first  shrinks  to  a 
film  across  the  mouth  of  the  funnel  and  then  runs  up  the  funnel  handle 
ever  trying  to  reach  a  smaller  area. 

Again,  take  a  ring  of  wire  about  two  inches  in  diameter  with  a  handle 
on  it  (Fig.  111).  To  two  jKints  on  the  ring  tie 
a  fin^  thread  with  a  loop  in  it.  Dip  the  ring  in 
a  soap  solution  and  obtain  a  film  across  it  with 
the  Iwp  resting  on  the  film.  Now,  with  the  end 
of  a  wire  or  with  the  i)oint  of  a  pencil,  puncture 
the  film  within  the  loop.  Immediately  the  film 
which  is  left  assumes  as  small  a  surface  as  it  can, 
and  the  loop  becomes  a  perfect  circle,  since  by 
>  doing  the  area  of  the  film  that  is  left  becomes  a-s  small  as  iKMssible. 


Fio.  111.— \  loop  of  Utread 
on  a  sosi^  tiim. 


94 


MOLECULES  AND  TUKFR   MOTIONS 


U 


104.   Levels  of  Liquids  in  Capillary  Tubes     In  <;  c>^t  it  is  stated 

that  ill  any  iiuiiil>er  of  cuiiuiiuiiicatiiig  vfBsels 
a  li([uiil  stands  at  tliu  saine  level.  The  fol- 
lowing exj>erinient  gives  an  apparent  ex- 
ception to  this  law.  Let  a  series  of  capillary 
(Lat.  Cujiilliis.  a  hair)  tubes,  whose  internal 
diameters  ranue  ficmi  say  2  mm.  to  the  finest 
obtainable,  l)c  held  in  a  vessel  containing 
water  (Fig.  112).  It  will  be  found  that  in 
each  of  them  the  level  is  above  that  of  the 
water  in  the  ves.sel,  a..d  that  the  finer  the 
tulnj  the  higher  is  the  level.  With  alcohol 
the  li<|uid  is  also  elevated,  (though  not  so 
much),  but  with  mercury  the  liquid  is  depressed.  The  behaviour 
of  mercury  can  conveniently   be   shown  in  a   U-t"'''i'  •'»•''  '"  F'S-  J ^3. 


Km.  112.  — Showii.K  the  elevation 
o(  w.itcr  ill  capillary  tubes. 


Fio.  113.  — I'oiitrasliiiij  ttie  lieha- 
viour  of  water  (left )  and  mercury 
(riKht). 


Kid.  114.  — Water  rii>ts  lietween  the  two 
plates  of  g\asa  which  touch  alon);  one 
edge. 


Another  convenient  methml  of  showing  capillary  action  is  illustrated 
in  Fi<:.  114.  Take  two  sijuare  pieces  of  window  glass,  and  place  them  face 
to  face  with  an  ordinary  match  or  other  small  object  to  keep  them  a  small 
di.stance  apart  along  one  edge  while  they  meet  together  along  the  opposite 
edge.  They  may  be  held  in  this  position  by  an  elastic  band.  Then  stand 
the  plates  in  a  dish  of  coloured  water.  The  water  at  once  creeps  up 
between  the  plates,  standing  highest  where  the  plate.s  meet. 

105.  Other  Illustrations  of  Surface  Tension.    Tt  is  not  easy  to 

pour  waior  from  a  tumbler  into  a  bottle  without  spilling  it,  but  by 
holding  .-ml-Lss  rod  as  in  Fig.  115,  tlie  water  runs  down  into  the  bottle 
and  none  is  lost.  The  glass  rod  iii.iy  be  inclined  but  the  ela.stic  skin 
still  holds  the  water  to  the  rod. 

Water  may  be  led  from  the  end  of  an  eave-troiigh  i:>to  a  barrel 
by  means  of  a  pole  almost  as  well  as  by  a  metal  tube. 


SMALI.  HODIKS  UESTINt;  ON'  THK  SURFACK  <>F  W  ATKIl     <).-, 


Fio.  115.— How  to  utilize 
surface  tension  in  pour- 
ing a  lic|uid. 


a  I)  c 

Kict.  IIB.  Surface 
trnsiiin  hoIdH  thu 
tmirsof  the  brush 
together. 


Wliei.  .1  linish   is  .Iry  thi- liairx  Hp.v.ul  ..\il  as  in  Fit,'.  1H"ki.  but    on 

wutliiig   it    tlii'y   cliii;,'  t.-^itlur  (Fiy;.  lit",,).     Tliis 

is   «liie  to  tho   surf:i'-u    tiiiii   which   contracts   ainl 

draws  the  liairs  toncthiT.    Tlmt 

it  is  not  duo   ,siiii[ily  to   Ikmiil; 

wet   is   seen     from    Fig.    110/», 

which   slrows  tlio    hrush  in  the 

water  but  witli  tlie  hairs  spread 

out. 

Capillary  action  is  seen  in 

the  rising  of  water   in  a  clotli, 

or   ill    a   hiinp   of    sugar    whe?( 

toucliing    thu    water;      in    the 

rising  of  oil  in  a  lamp-wick  ajid 

in    the    al).sorpti<.ii   of     ink    by 

blotting   jiaper. 

106.  Small  Bodies  Besting  on  the  Surface  of  Water.    By  careful 

iiiaiiipulatioii  a  needle  may  bo  laiil  on  tho  surface 
of  still  water  (Fig.  117).  The  surface  is  made 
concav<3  by  laying  tho  needle  on  it,  and  in  tho 
endeav<mr  to  contract  and  smooth  out  tho  hollow, 
sufficient  force  is  exerted  to  support  tho  needle, 
though  its  density  is  7h  times  that  of  water.     When 

once  the  water  has  wet  tho  needle  tho  water  rises  against  the  metal  and 

now  the  tendency  of  the  surface  to  flatten 

out  will  draw  the  needle  downwards. 

If  the  needle  is  magnetized,  it  will  act 

when  floating  like  a  compass  needle,  show- 
ing tho  north  and  south  direction. 

Some  insects  run  over  the  surface  of 

water,  frecpiently  very  rapidly  (Fig.  118). 

These  are  held  up  in  the  same  way  its  the  needle,  namely,  by  the  skin  on 

the  surface,  to  rupture  which  re<iuire«-8ome  force. 


Fio.  117.— Nee<llc  on  the 
surface  of  water  kept 
up  by  surface  tension. 


Fio.  118. -Insect  supported  by  the 
surface  tension  of  ihe  water. 
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CHAPTER    XV 

Production  an'i>  Tuaxsmission'  of  Sound 

107.  What  Causes  Sound.  Wlien  a  IjoU  is  rung,  or  a  piano 
pluyed,  or  a  door  Hlainiiied,  we  hear  a  sound.  How  does  tlii.s 
sound  ari.se  ?  A  few  simple  experiments  will  .sliow  the  con- 
dition of  a  body  when  it  is  givin<^  rise  to  sound. 

Clamp  a  knitting  needle,  or  a  narrow  strip  (i  steel  in  a  vice  so  that 
about  15  cm.  projects.  Tlicn  ]n\\\  the  free  end  aside  jind  let  it  go.  You 
hear  :i  deep,  low  note  and  on  looking  closely  you  can  see  that  the  needle  is 
vihratini;.  Toiicli  it  with  the  finger.  You  sto})  the  vibrations  and  at  the 
same  time  the  .sound  ceiuses. 

Strike  a  bell  with  a  pencil  or  a  light  piece  of  wood.  In  this  case  you 
will  hardly  be  able  to  sj'C  any  movement  in  the  bell,  but  you  can  easily 
sjitisfy  younself  th;it  it  is  in  vibration  by  suspending  a  tliin  hollow  glass 
bead  or  a  ball  of  pith  so  that  it  just  touches  the  edge  <jf  the  bell.  It  will 
be  thrown  off  vigorously  every  time  it  touches  the  bell. 

Next,  sound  a  tuning-fork  and  test  it  as  you  did  the  bell.  The  little 
ball  is  tiiKiwii  otr,  showing  that  the  prongs  are  in  motion.  Hold  the  fork 
witii  the  stem  on  the  table  ;  tlie  sound  is  louder.  Not  only  do 
the  prongs  move  from  side  to  side,  but  the  stem  moves  up  and 
down  (big.  119),  and  in  doing  so  makes  the  table  move  up 
and  down. 

Another  interestiiig  way  to  prcnluce  sound  is  by  means  of  a 
S(piare  or  a  circular  brass  plate.  Clamp  it  at  the  centre  and 
sprinkle  sand  lightly  over  it.  Now  draw  a  violin  1k)w  vertically 
acro.ss  tlie  edge  of  the  plate.  This  makes  the  plate  give  out 
a  shrill  note  and  the  sand  dances  about  in  a  curious  fiishion, 
settling  at  last  along  certain  lines.  Between  these  the  motion 
is  vigorous,  but  along  them  the  plate  is  at  rest.     By  touching  with  a  finger 
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the  ed'^e  of  the  pLito  at  one  or  at  two  places  the  plate  gives  out  different 


iiiiti-H  autl  the  BJiiul  takuH  uji 
(liiri-rent  figures  (Fig.  T-'O). 

There  are  many  other 

experiments  which  might 

he  performed  and  in  every 

cjvsti  wlien  we  trace  out 

tlie  source  of  the  sound 

we    find    that    it    arises 

from   a   body   in   rapid 

rUtratioii. 


Kiu.  1°^0. -SunJ-fl);uri'»  blioniii);  iiodal  limi  in 
vibrating  platen. 


108.  What  Carries  the  Sound  to  the  Ear  ?    Usually  it  is 

the  air,  hut  other  Ixxlics  can  convey  sound  (piite  as  well. 

Hold  your  car  close  against  one  end  of  a  long  wootleu  rod  while 
another  person  scratches  the  other  end  lightly  v/itli  a  pin.  You  hear 
the  8(jund  distinctly.  One  can  detect  the  rumbling  of  a  distant  railway 
train  by  laying  the  ear  uiwn  the  steel  rail.  The  Indians  on  the  western 
plains  could,  by  putting  the  ear  to  the  ground,  detect  the  tramping  of 
civalry  too  far  off  to  bo  seen.  If  two  stones  be  struck  together  under 
water,  the  sound  perceived  by  an  ear  under  water  is  louder  than  if  the 
experiment  had  been  performed  in  the  air. 

Thus  we  see  that  solids,  liquids  and  gases 
all  transmit  sound.  Further,  we  can  show 
that  some  one  of  these  is  necessary. 

Under  the  receiver  of  an  air-pump  jdace  an  electric 
bell,  supjwrting  it  as  shown  in  Fig.  121.  At  first,  on 
closing  the  circuit,  the  sound  is  heard  easily,  but  it  the 
receiver  is  now  exhausted  by  a  gocKl  air  pump  it  be- 
coii'es  feebler,  continually  becoming  weaker  as  the 
exhaustion  proceeds. 

KiG.  i2i.~Elettric  bell  If  now  the  air  is  admitted  to  the  receiver  the 

in    a   jar   connected  ,      .  i      i       i   _ 

to  an  iirpimp.    On  sound  at  once  gets  louder. 
exhaiisitinK    the     air         .,  o  •  1 1  •  '  l  i 

from  the  jar  the  iouiid      In  performing  tliLs  experiment  we  cannot 

completely  get  rid  of  the  sound,  as  there  is 

always  .some  air  left  in  the  receiver  and  the  wire  or  cord  by 
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wliich  tht!  electric  l)ell  is  snspeniU'<l  will  also  traiiKiiiit  some 
sound.  If  the  Ix-ll  wen;  in  u  in-iftrt  vacuum  we  wouM  see 
tlio  Imnuner  strikin<f  the  bell  but  would  hear  no  sound  at  all. 

109.  Velocity  of  Sound  in  Air.  If  we  watch  a  carpenter 
working  at  a  distance  we  distinctly  see  his  hammer  fall  l)efore 
we  hear  the  sound  of  the  blow.  Also,  you  see  the  steam 
coming  from  the  whistle  of  a  locomotive  or  steamboat  .several 
seconds  Ixjfore  you  hear  the  8(jund,  and  we  continue  to  hear 
the  sound  for  the  same  lenorth  of  time  after  the  steam  i.s 
shut  off. 

Evidently  sound  requires  an  appreciable  time  to  travel  from 
one  place  to  another.  Its  velocity  in  air  at  0  C.  is  832  metres 
or  1,089  feet  per  second,  an<l  this  velocity  increases  al)OUt  60 
cm.  for  each  centi<,nade  degree  rise  in  temperature.  The 
velocity  in  water  is  1,435  m.  and  in  iron  5,130  m.  per 
second. 

110.  Nature  of  Sound.  A.s  we  have  seen,  sound  travels 
in  air  at  the  rate  of  332  metres  jx  r  .second,  and  in  licjuids 
and  solids  much  faster  than  this.  Now  it  is  evident  that 
there  is  no  actual  passajje  of  particles  of  matter  from  the 
sounding  body  to  the  ear.  But  there  is  Hometh'nuj  which  does 
pas."  through  this  space.     What  is  it  ? 

Perhaps  you  have  l)een  in  a  small  boat  when  a  steamship 
went  by,  perhaps  a  mile  away.  After  some  minutes  you  felt 
your  boat  violently  rocked  about  by  the  "  swells  "  raised  by 
the  stean)ship.  A  wave-motion  travelled  over  the  surface  of 
the  water  and  told  you  of  the  presence  of  the  large  ship. 

Something  of  the  same  nature  occui-s  in  the  ca.se  of  sound. 
We  say  it  travels  by  means  of  waves,  but  it  goes  thnnujh  the 
subst«inces,  not  over  their  surfaces. 

111.  Reflection  of  Sound.  Now,  when  water-waves  strike 
a  pier  or  the  shore  (if  the  water  there  is  not  too  shallow)  they 
turn  and  n«ove  oft*  in  another  direction  and  we  siiy  they  are 
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rcfffcfcil.  We  ftro  also  use*!  to  spoaking  of  lij;ht  iK-inj;  reflectiMl 
from  a  mirror  or  from  th«>  surface  of  water.  Souii<l-wave8  arc 
also  reflected. 

If  yoii  staiul  at  s\  di.staiice  <>f  100  feet  or  more  Wff.re  a  large  building 
off  l>y  itself,  or  before  a  .steep  cliff,  and  clap  your  bands  or  «ive  a  quick 
sliout,  you  bear  an  ecbn.  Tlie  sound-waves  strike  tbe  flat  surface  and  are 
reflected  back  to  you.  If  tlie  distance  is  less  than  100  feet  the  nountl  is 
returned,  but  the  reflected  portion  gets  back  so  quickly  that  you  do  not 
hear  it  as  a  distinct  separate  sound. 

Soinetiines  in  a  river-valley  with  steep  or  wo«Kled  shores,  or  in  a 
mountainous  region  a  succession  of  echoes  can  bo  heard,  giving  a  plea.sing 
effect.  Some  buildings  are  so  constructed  that  a  faim.  sound  made  at  one 
place  is  reflected  to  anotlicr  definite  place.  .-\  person  there  hears  it,  but 
anyone  at  points  between  does  not.  An  illustration  of  this  is  in  the 
famous  Whispering  Oallery  of  St.  VtmVa  Cathedral,  in  I^ondon,  England. 

The  bare  walls  of  a  hall  are  good  reflectors  of  sound,  though  usually 
the  dimensions  are  not  great  enough  to  give  a  distinct  echo,  but  the 
numerous  reflected  sound-waves  pr<Kluce  a  rertrliemtion  which  apjiears  to 
make  the  words  of  the  speaker  run  into  each  other,  and  thus  prevents 
them  lieing  di.stinctly  heard.  By  means  of  cushions,  carpets  and  curtains, 
which  absorb  the  sound  which  falls  upon  them  instead  of  reflecting  it, 
this  reverberation  «in  Ije  largely  overcome.  The  presence  of  an  audience 
hiw  the  same  effect.  Hence,  a  speaker  is  heard  much  better  in  a  well- 
tilled  auditorium  than  in  an  empty  one. 

If  ycju  speak  into  one  end  of  a  tube  yo\ir  voici  may  be  heard  a  nule 
or  more  away.  In  this  case  the  waves  cannot  spread  out  and  lose  their 
energy,  but  are  continually  reflected  from  th^-  inner  walls. 

PROBLEMS 

1.  Calculate  the  velocity  of  sound  in  air  at  5%  10°,  40°  C. 

2.  A  thunder-claj)  is  heard  5  seconds  after  the  lightning  fliish  was  seen. 
How  far  away  was  the  electrical  discharge  ?     (Temperature,  15^  C.) 

3.  At  Carisbrook  Castle,  in  the  Isle  of  Wight,  is  a  well  210  feet  deep 
and  12  feet  wide,  the  interior  being  lined  with  smooth  ntasonry.  A  pin 
dropped  into  it  can  easily  be  heard  to  strike  the  water.     Explain  why. 

4.  Why  does  the  presence  of  an  audience  improve  the  acoustic 
properties  of  a  hall  ? 
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5.   Kxpliiiti  tliu  iictioii    (if   tin;    t.-.-ir-triiiMjiet    and   the    iiiega{ih()iio  or 
Kpt'Jikiii^-truiiipet. 

<!.  A  in  111  stiiiuliu)^  before  a  precipice  sliouf  h,  ;iinl  .'J  hcccjikIs  afterwards 
he  Itciirs  tlie  echo.     How  fur  away  in  the  precipice  I     (Temperature,  15'  C.) 

7.   Ill  182(i  two  Ijoats  were  moored  on  Ijake  Geneva,  Switzerland,  one 

on  each  side  of  the  l.-ike.  44,L'r>0 

feet  apart.     One   w.is   supidied 

with  a  boll  /i(Fig.  l'J2<0,  I'laced 

under  water,  so  arranged  that  at 

llio  moment  it  w.-w  struck  a  torch 

m   lighted   8(»nie   gunpowder  ia 

the  pot    P    (Fig.    1226).      Tlie 

sound  was  heard  at   the   otlier 

boat    by    an    observer     with  a 

watch  in  his  hand  and  his  ear 

to  an  ear-trumpet,  the  bell   of 
which  was   in  the  water.     The   sound  was  lieanl  0.4  seconds  after  the 
flash  was  seen.     Calculate  tiie  velocity  uf  sound  in  water. 


Fio  \2!a.-  ApparatiLs  for 
proiiirin^;  the  Bouiiil,  in 
-  Lake  Geneva. 


Fio.  1226.  -LinteniiiK 
to  the  sound  from 
the  other  iiide  o( 
the  I.Akc. 
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Pitch,  Musical  Scales 

112.  Masical  Sounds  and  Noises.  The  strokes  of  a  car- 
penter's Imniiuer,  the  shun  of  a  door,  or  the  rattling  of  a 
ciirriage  over  a  stony  road,  we  consider  to  be 
noises,  wliile  a  })hicked  guitar  string  or  a  tlute 
irives  a  sound  which  we  recognize  as  musical. 
What  is  the  diH'ereuce  between  a  noise  and  a 
musical  sound  ? 

Ill  Fig.   123  are  shown  four  wheels  on  an  axis 

wliich  can  be  made  to  rotate  by  a  IkjU  from  a  larger 

whwl.     First  make  the  axis  rotate  Hlowly  and  liold 

the  edge  of  a  card  against  the  teeth  of  a  wheel.     We 

hoar  each  .sejiarate  tap  and  there  is  no  iMiisic  in  them. 

Now  gradually  increase  the  speed  of  rotati(m,  and  at      Fio.  123.— Toothed 
,  ,  ,  ,  ..III.  wheelsona  rotkt- 

Lvst  the  successive  l^ips  are  not  heart!  separately  but         inK  machine.  t»n 

they  join  together  into  a  musical  note.  «iS the  t^fh 

We  reach  a  similar  result,   though  the  effect  is        %^^^l^^  '"""'* 

more  pleasing,  if  we  blow  a  current  of  air  through  holes 

regularly  spaced  along  a  circle  near  the  outer  edge  of  a  rotating  disc 

(Fig.  124).     When  the  wheel  turns  slowly  we  hear  the  separate  puffs,  but 

when    it   turns    rapidly    they    blend   into  a 

pleasing  note. 

If  the  teeth  of  the  wheel  or  the  holes  in 

the  disc  were  not  regularly  sjiaced  we  would 

get  a  noi.se  instead  of  a  musical  note. 

We  conclude  that  a  music-il  not*  is  pro- 
duced by  a  series  of  rapid,  regularly  spaced  vibrations.  If  they  are  spaced 
irregularly  we  get  a  noise.  It  is  possible  for  a  number  of  musical  notes 
t<i  be  St)  jumbled  together  that  the  regular  jHjritxlic  nature  is  entirely  lost, 
and  then  the  result  is  a  noise. 

113.  Intensity  of  Sonnd.  There  are  three  features  by 
wliich  musical  tones  are  distinguishetl  from  each  other, 
namely : 

(i)  Intensity  or  Loudnem,  (ii)  Pitch,  (iii)  Quality. 
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Fio.  124  —Air  is  Mown  through 
the  hnlea  in  the  rotating  plate. 
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Tlio  liardcr  you  strike  :i  1h-1I  or  a  piaiiu  stiiii;:.  or  tlit-  fartlu-r 
you  pluck  asi<lc  a  ^niitar  stiiii;;  tin-  lou'lci-  is  tlir  sound.  In 
tlii'sc  casos  tlio  vHnatini;  Iwnly  s\vin;,'M  hack-uiul-foitli  tlirou;,'h  a 
^ncatiT  space  ami  of  course  tlie  particles  of  tlie  air  are  made  to 
Hwin;;  tlirou^di  jfreater  sjiaces,  to<t.  The  intensity  or  louilness 
of  a  soutui,  then,  depends  on  the  space  throufjh  which  the 
vihratin,!,'  bo<ly  swini^s,  or  on  the  (niip/ifudr  of  the  vihrations. 

When  cxcavatin;'  for  a  tuiniel  or  the  foundation  of  a  bridire 
the  men  often  liave  to  work  in  an  inclosed  space  in  wliich  the 
air  is  compressed  and  so  has  <(reater  density.  Under  such 
circumstances  when  one  speaks  in  a  ordinary  tone  it  sounds  as 
th(ni;;l>  he  were  shoutin*;.  Intensity,  then,  depends  on  the 
density  of  the  niediinu  wliich  carries  the  sound. 

We  all  know,  too,  that  the  nearer  you  are  to  the  source  of 
the  souml  the  louder  it  appears.  Intensity  decreases  a.s  the 
distance  from  the  sounding  lx>ly  increases. 

Quality  of  sounds  will  he  taken  up  in  Chapter  xviii, 

114.  Pitch.  Let  us  experiment  with  our  to(ithed  wheels 
a|,'ain  (Fi<(.  123).  Hold  an  ed^e  of  a  card  aijain.st  the  teeth  of  a 
wheel  ajid  rotate  it  with  continually  increa.sing  speed.  At 
first  the  .separate  taps  are  heard,  then  they  blind  into  a 
nmsicjil  note  which  we  say  i.s  low,  and  as  the  speed  increa.ses 
the  note  jjets  higher.  With  very  {j;reat  speed  the  note  gets 
very  At/y/i  and  shrill.  If  the  wheels  liave  different  numbei-.s  of 
teeth  on  them,  which  is  usually  the  case,  and  you  touch  them, 
one  after  the  other,  that  wheel  which  has  the  greatest  number 
of  teeth  gives  out  the  highest  note. 

Pitch  is  the  word  we  use  in  describinij  this  feature  of  sound. 
When  the  number  of  vibrations  producing  a  sotind  is  small  the 
pitch  is  low,  and  as  the  number  increases  the  pitcli  becomes 
higher. 

For  ordinary  ears  the  lowest  pitch  of  a  musical  note  cor- 
resjwnds  to  alxjut  30  vibrations  per  .second,  the  highest,  to 
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iMtwf'i'ii  10,000  juhI  20,000  per  second.  In  iimsic  tin;  limits 
an-  fioiii  alMiut  40  to  4,000  vihratifnis  jkt  siroinl,  tlic  pijiiio 
liiivin;;  approxiiiuitfly  this  ran;;*'.  The  lowest  iioti?  taken  hv 
a  man's  voice  has  alv)Ut  (tO,  an<l  the  hi<;hi'^t  note  taken  hy  a 
woman's  voice  hii.s  a)M)iit  1,300  vibrations  per  secon<l. 

115.  Musical  Combinations  of  Notes.  A  musical  note  is 
pleasinj;  in  itself,  but  certain  combinaticms  of  notes  arc  pHuli- 
arly  pleasinjjj  to  the  car.  These  have  l)een  recojjnized  from 
the  earliest  times  un«l  were  cultivatc'l  purely  on  account  of 
their  j^ivinjj  pleasure  or  expressing;  certain  feelinj^s.  The  old 
musicians  knew  nothinjj  al)out  the  ninnlwr  of  vibrations  per 
st'cond,  but  it  has  Ixx'n  found  that  in  a  pleasinj;  combination 
of  notes  the  numl)ers  which  express  their  vibrationn  per  second 
aie  relate<l  to  each  other  in  a  peculiar  way. 

Let  us  try  our  toothed  wheels  ag.iitj.  M.ike  the  axis  n  tato  uniformly 
.111(1  touch  the  four  wheels  one  after  the  other.  Tlie  notes  seeni  to  follow 
each  oilier  in  a  very  pleasing  way  -we  get  what  is  called  a  rhonl  in  nnisic. 
Now  count  the  teeth  on  the  wheels.  We  find  there  are  48,  JiO,  72,  9<», 
and  if  each  of  these  is  divided  by  12  we  get  the  numbers  4,  .">,  (>,  8.  The 
notes  given  by  the  two  outer  wheels  follow  each  other  or  blend  together 
most  agreeably  of  all,  and  we  see  tliat  there  are  just  twice  as  many  vibra- 
tions in  one  as  in  the  other.  These  two  notes  are  .said  to  be  an  m-tare 
apart. 

In  Fig.  125  is  shown  the  central  part  of  a  piano  key-board. 
The  string  which  sounds  when  C  is  pressed  gives  a  note  an 
octave  above  that  when  C  ispre.s.sed  ;  the  number  of  vibrations 
for  C  is  twice  that  for  C     Between  these  two  note.s  six  others 
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Fio.  12.1.— Central  part  of  a  piano  key-Jxjard.    The  note* 
marked  C.,  C,,  C,  C,  C",  ko  up  by  octavei. 

are  inserted,  tlie  eight  thus  obtained  giving  a  pleasing  series 
which  we  call  a  musical  scale.     By  actual  experiment  we  tind 
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tii.'it  tlu"  iiuiiilH»r  of  vihnitions  f)f  tlu'  m»tosaio  siinj)le  munlwrs. 
(',  A',  a,  C  follow  I'.-ifli  otlu-r  as  (li«l  the  four  notes  ^iven  by 
the  t<K)the(l  wheels. 

PROBLEMS 

1.  ?'i"m  wli.-it  i'X|icri«jiico  wnuM  jnii  concliitit)  that  all  Boumlii,  no 
iiifitttr  wli.it  tlio  pitch  m.iy  l(e.  tnivi-l  at  tlio  miino  mtc  ? 

2.  If  the  vibmtioii  nuiiihir  ..f  ('  is  .'JOO  tind  that  for  (''. 

li.   Wliy  (liicH  the  HiHiiiil   "f  ,1  circular  s.iw   fall  in  pitch  aa  the  saw 
enters  the  wimil  i 

4.   Fiiiil  the  vilir.itinn  nunihers  of  all  the  Cs  un  the  piano,  taking 
niiiMle  C  na  2U1. 
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CHAPTER  XVII 

M rsiCA I-    I XSTHl  M KNTS 

116.  The  Piano.  I^-t  us  misc  the  top  of  the  piano-coHc  nnd 
l(K)k  insi.lo  while  some  oiio  is  playing'.  Kiich  time  a  kev  is 
[>nss<.(l  a  little  Iminmer  fli»'H  uj)  and  strikes  a  steel  string', 
which  «,'ives  out  its  own  detinite  note.  The  keys  at  the  left- 
hand  or  b.ms  end  give  notes  of  lower  pitcli  thiin  do  tlu>se  at 
tlie  n«,dit-hiind  or  tveble  end;  and  we  observe  that  the  strings 
which  give  the  low  notes  are  longer  and  heavier  than  those 
which  give  the  high  notes. 

117.  The  Sonometer.  The  vibrations  of  strings  are  Ixjst 
studied  by  means  of  the  sononjeter,  a  convenient  form  of 
which  is  shown  in  Fig.  126.     The  strings  are  fastened  to  steel 


fiG.  126— A  lonoineUr,  conii»tinir  (.( ttreuhed  •trinfpi over  »  thin  wooilen  box. 
By  means  ol  a  hruige  we  can  ute  any  part  of  a  itrlnK. 

pins  near  the  ends  of  the  instrument,  and  then  pass  over 
li.xed  bridges  near  them.  The  tension  of  a  string  can  l)e 
altered  by  turtung  the  pins  with  a  key,  or  we  may  pa.ss  the 
string  over  a  pulley  and  .ittach  weights  to  its  en<l.  A  movable 
bridge  allows  any  portion  of  a  string  to  be  used.  The 
vibrations  are  produced  by  a  bow,  by  plucking  or  by  striking 
with  a  suitable  Immmer. 

The  thin  wocxlen  box  which  forms  the  Ixxly  of  the  instru- 
uu'iit  strengthens  the  sound.  If  the  ends  of  a  string  are 
lastcned  to  massive  supports,  stone  pillars  for  instance,  it 
emits  only  a  faint  sound.     Its  surface  is  small  and  it  can  put 
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ill  iiiution  only  a  small  inasH  of  air.  \Vli«u  stnt<'li.<l  ov.r  tho 
li<;lit  Ik)\.  Ix.w.v.r,  tli«'  .stiiii;;  coiumunicat.'s  its  iiioti<»ii  to  tlio 
l)ii.l;;.-s  on  whicli  it  rrsls,  an<l  tli-sf  st-l  up  vil»mtionM  in  tin- 
wcMxl.'ii  l)ox.  Tht!  latur  has  a  consiil.  rablc  suiface  aii<l 
iiiijinssi's  its  motion  Ujton  a  larg<!  mass  of  air.  In  tliis  way 
thi"  voluiiH'  of  thf  souii  1  i.4  multiplic*!  many  tiim-s.  In  tlio 
piano  the  string's  an-  stivttluxl  ov  r  a  soun-ling-ljoanl  If  it 
wore  absent  you  wouM  lianlly  laar  the  sound. 

118.  Laws  of  Vibrations  of  Strings.    First  take  away  the 
inoval>l<!  hri.l;,'.'  an«l  pluck  the  strin;,'.      It  vihrates  a.s  a  whole 
anil  ;,MVes  out   \ts  fn  „<hi iiiciihil  note.     Then  plaee  the  hii(lj,'e 
un.hT  the  mi<Mle  point  of  the  strinj;,  hohl  the  stiin;,'  <h)Wn  on 
it  with  a  tint,'iT,  ami  pluck  a^^ain,  thus  ohtainin^'  the  note  from 
a  strinjj  Juilf  as  l(»n^'.     The  note  giv»'ii  out  is  an  octave  alK)ve 
the  other  one,  and  lienc(>  lias  twice  the  nvniilK'r  of  vibrations 
per  second.     If  we  push  the  brid<,'e  alon;^  until  it  is  one-fourth 
the  len<,'th  of  the  strin;,'  from  one  end  and  pluck  again  we  get 
a  note  which  is  one  <m  tave  alH)ve  the  last  one  or  two  wtaves 
al)ove  the  fundament;il,  and  which  has  four  times  its  numU'r 
of  vibrations.     If  we  took  one-third  of  the  string  we  would 
<ret  a  note  with  three  times  tht;  number  of  vibrations  of  the 
fundamental.     We  find,  then,  that  if  we  take  J,  I,  \,  \  or  ,V  of 
the   l«-ngth  of  the   string,   we   get   notes  whose   iiundx>r8  of 
vibrations  are  2,  :},  4,  5  or  10  times  that  of  tlie  fundamental. 

Next,  let  us  turn  the  pin  at  the  end  with  a  key  or  add 
weights  to  the  end  and  thus  increa.se  the  tension  of  the  string. 
We  would  find  that  to  get  twice  the  numl)er  of  vibrations  we 
would  have  to  make  the  tension  four  times  as  great,  to  get 
three  times  tlie  number  the  tension  must  be  nine  times  as 
great,  and  so  on. 

Again,  by  taking  strings  of  the  .same  material  we  would 
tiiurthat  the  thicker  the  string  the  .smaller  is  the  number  of 
vibrations  per  second.     A  string  of  twice  the  diameter  gives  a 
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note  wli<jHt*  imiiilR'r  of  vihrutionH  is  one-liHlf  as  jjreat;  if  the 
(liiiiiiettT  is  tliret?  times  iis  jLjreHt,  the  number  of  vibrations  is 
one- third  ;  and  hu  un. 

Finiilly,  the  nutnl>«'r  of  vibrations  depends  on  the  density  of 
the  striii;;.  A  platinum  strinjj  (density  21.5  j;.  [m-T  c.c.)  vi brutes 
niuri'  slowly  than  a  Mtecj  one  (density  7.9  ^.  p«'r  c.c).  If  the 
dt-n.sity  is  four  times  as  <,'reat,  the  numl)er  of  vibrations  is  one- 
half ;  if  it  is  nine  time.s  a.s  great,  the  number  of  vibrations  is 
one-third  ;  and  so  on. 

119.  Stringed  Instruments.  The  harp  is  somewhat  siniilar 
in  principle  to  the  piano, 
but  it  is  played  by  pluck- 
ing; the  .strin<;s  with  the 
tin^^ers.  By  pressing 
pedals  the  lengths  of  the 
strings  nmy  Ije  altered 
.so  a.H  to  'sliarjK'n'  or 
'  flatten  '  any  note. 

The  guitar  Inis  six 
strings,  the  three  lower- 
j)itched  ones  usually  be- 
ing of  silk  over- wound 
witli  fine  wire. 


jveross    the    tinfjer-board 


pri 
obti 


while  the  note  is  obuined  >iy  itluckiiig  with  the  right 
hand. 


There  are   little  Strins    ^'^   lil— The  miiUr.    with  the  Iflt  huid  the  itrinsi 
i^'        are  shnrt^nrd  liy  preaainK  them  againat  the  '  freu/ 

CJille*!     '  fiets,'     and    by 

pressing  the  strings  down  by  tlie  fingers  against  tliese  they 

are  shortened  and  give  out  the  other  notes  (Fig.  127). 

There  are  only  four  strings  on  the  violin.  The  other  notes 
are  obtained  by  shortening  the  strings  by  means  of  the  fingers, 
but  as  there  are  no  '  frets '  to  guide  the  performer,  he  must 
judge  the  correct  positions  of  the  fingers  Iiimself. 
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Fl».  128. -Air  column 
in  reHonance  with 
a  tuMin^-'ork. 


120.  Vibrations   of  Air   Columns;    Resonance.      Let  us 

hoM  a  tube  about  2  iiiclicH  in  (li,uiit't«r  and  IH 

^-*'^"  inclu'S  long  \vith  its  lower  in<l  in  a  vessel 
containing;  watei-  (Fijj.  128);  and  over  tho 
open  end  hold  a  vibratini,'  tuninjj-fork.  Sup- 
I)ose  the  f(;rk  to  make  '2')V)  vibrations  per  second. 
By  moving  the  tube  up  and  down  we  find 
that  when  it  is  at  a  certain  depth,  the  sound 
we  hear  is  greatly  intensitied.  This  is  due  to 
the  vibrations  of  tlie  air  column  aV)ove  the 
water  in  the  tube.  It  nuist  have  a  detinite 
length  for  each  fork.  On  measuring  it  for 
this  one  we  find  that  it  is  approximately  13 
inches.  If  the  fork  Juade  twice  as  many 
vibrations  the  length  of  the  column  would  l)e 
one  half  as  great,  or  CA  inches;  an<l  so  on. 
The  air  column  is  put  in  vibration  by  the  fork  with  which 
it  is  said  to  l)e  in  rcKoncvce. 

121.  Organ  Pipes  and  Flute.    The  most  familiar  applica- 
tion of  the  vibrations  of  air  columns 
is  in  organ  pipes. 

In  Fig.  129  is  .sliown  a  section  of 
a  rectangular  wooden  pipe;  in  Fig. 
l.SO  is  a  metallic  cylindrical  pipe. 
Sometimes  the  pipes  are  conical  in 
shape. 

Air  is  blown  through  tho  tube  T 
into  the  chamber  C,  and  escaping 
from  this  by  a  narrow  slit  it  strikes 
against  a  thin  lip  D.  In  doing  so 
a  perio<lic  motion  of  the  air  at  the 
lip  is  p.}'o<lr,e<>(],  and  tl'.is  sets  n\ 
Fio.  129.- Section    niotiou  the  air  in  th«*  pipe,  which 

of  awooderior^an 

pipe-  then  gives  out  its  proper  note. 


^ 


Fio.  1.10.— a 
metallic  orgao 
pipe. 
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In  Fi<'.  131  is  shown  a  flute.  Bv  driving  a  current  of  air 
jicroHs  the  thin  edge  of  the  ojK'niTig,  which  is  near  one  end,  the 
air  coUimn  within  is  sot  in  vibration,  nujch 
as  in  an  organ  pipe  In  the  tube  tliere  are 
liolos  which  may  be  opened  or  close*!  by 
the  player,  opening  a  hole  being  e(iuivalent 
to  cutting  off  the  tul)e  at  that  place. 
Higher  notes  are  also  obtained  bj-  blowing 
iiarder. 

122.  Reed  Instruments.  In  the  ordinary 
organ,  the  mouth-organ,  the  accordion 
and  some  other  instnniient.s  the  vibrat- 
ing body  is  a  reed,  such  as  is  shown  in 
Fisr.  133. 


Fi«.  133.— An  oivan  reed.  The  tonmie 
A  moves  in  and  nut  of  the  o{)enini;. 
Thi»  is  called  a  free  retd. 


The  tongue  A  vibrates  in  and  out  of 
an  opening  which  it  accui'ately  fits,  the 
motion  being  kept  up  by  tlie  current 
of    air     which    is    directed    tiirough     the    J'V'I'-     t*,*''", '?'• . 

n  Thf  flute.      The  clanuet. 

Opening. 

In  some  organ  pipes  reeds  are  placed,  but  the  note  produced 
is  due  chieHy  to  the  air  cohuun  in  the  pipe,  the  reed  simply 
.serving  to  set  it  in  vibration. 


■C'tt*  -  ■>iW£iifA''.i*;v:"rv.>.- 
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In  Fig.  132  is  shown  ii  cljuint-t.  This  instruniont  has  lioles 
in  tlie  tnlx?  whicli  aft*  covered  by  keys  or  by  tlie 
tiii<;ers  of  thi!  player.  Tiie  air  in  tlie  tube  is  put 
ill  vil'ratioii  by  nieaiis  of  a  reed  made  of  CJine 
shown  iti  V'l'^.  l^-i.  The  reed  is  very  Hexible, 
and  tilt:  note  lieard  is  tliat  of  tlie  air  column,  not 
of  the  reed.  In  this  case  the  reed  simply  covers 
and  uncovers  the  openin»j  in  the  mouthpiece, 
beinf,'  too  lari^e  to  j)ass  into  the  opening.  It  is 
called  a  strihimj  reed,  that  in  the  organ  (Fig.  133) 
iK'ing  11  free  ree<l.  In  the  automobile  'honk' 
)i  sti'iking  rt-ed  is  uscil.  On  pres.sing  the  bulb 
i.e  reed  sets  in  vibration  the  air  column  in 
the  brass  jwrtiou. 


no.  13J.-Mo"Jth- 
pi  pre  of  the 
cl.iriiift.  The 
reed  /{  ro»er» 
the  opeiiiiiK. 


CHAPTER  XVIII 
Quality;  fjYMi'ATUKTic  Vihrations 

123.  Quality  of  Sound.  Suppose  the  same  note  be  sounded 
oil  a  piano,  an  organ,  a  cornet  or  by  tlie  human  voice.  Even 
though  it  has  in  each  case  the  same  pitch  ami  the  same 
intensity,  we  can  recognize  the  instrument  which  pnxluces  it. 
Thtire  is  something  wliich  clearly  distinguishes  one  note  from 
lliu  others,  and  the  peculiarity  which  allows  us  to  make  thia 
<listiiiction  is  called  its  quality. 

124.  Harmonics  or  Overtones.  We  can  illustrate  the  cause 
of  (juality  by  means  of  experiments  with  the  sonometer. 

Let  UH  make  some  little  [)ai>er  riders,  as  shown  in  Fig.  136  and  place 

them   at  different  points  of 

tlie  string.     Then   rub   the  _  b^ 

string  at  its  centre  with  a 

violin  )><>w.     All  the  riders 

are  tlirown  off.     The  string 

vilirates    as    a    whole    Fig. 

i;it)  (((),  and    the   tone   we 

hear  is  ila  fnudaiMHtal.  p,^    iJ6.-0bt*ininK  nodes  and  loop,  in  a  vihr»tlng 

rscxr,  roucn  me    scnnj,     ^^^  thrown  oB  »i  the  loop* 

slightly  at  its  mid-point  with 

the  tip  of  a  tingei*  or  with  a  feather,  and  place  pa{)er  riders  on  other  parts 

of  the  string.  Quite  a  different  sound 
Ol'  l!:il :::ZI:3p»-  w  jg  now  give,.,  its  prevailing  tone  Vjeing 
an  octave  above  the  other,  and  hence 
produced  by  twice  as  many  vibrations 
|)er  second.  Tlie  riders  are  all  thrown 
off,  as  before.  In  this  case  touching 
the  string  at  its  middle  is  equivalent 
to    placing   a   bri.lge    there,   and    the 

string  vibrates  in  two  equal  parL»  i«*  ohuwu  in  Fig.   l.w  ('0-     '^'^'c  ttnio 

now  given  is  said  to  be  the  first  harmonic  of  the  fundamental 
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Kio.  \36.  -.Showinjr  how  a itrinif  vibrate* 
whFnK<virit((aHU'undamental,  (6)iU 
(iret    harmonic,     (f)    both    of    these 

t.>i{i-ther. 
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A'^iiiii,  tiiiicli  tin-  striii'4  ;it  ii  jxpiiit  Diic-fnurf li  uf  its  length  from  one 
I'liil  Jiiid  lull  it  witli  till!  liuw  li.ilf-wiiy  l)t't\vecn  tlio  fiiinor  aii<l  tliu  near 
end,  as  sliown  in  Fi;^.  r,i7t.  I'l.ice  tive  riders  at  points  J,  ],  ^,  i,  J  of  the 
lenijth  of  the  string  from  the  far  end.  Now  if  yon  vihrate  tlie  string 
carefnlly  three  of  them  will  he  thrown  off  and  the  other  two  will  retain 
tlieir  seats,  shuwiny  that  the  htiiiii^  is  vibrating  in  four  eijual  parts.  The 
jircv.iiling  tone  now  gi\en  out  i.i  two  oct'ives  above  the  fundaniental,  and 
it  \a  called  its  third  harmonic.  I'y  holding  the  finger  at  the  proper  place 
and  liowing  at  the  right  jioint  wo  can  make  tiie  string  vibrate  in  3,  5,  6, 
or  more  eipial  part.s,  and  thus  olitain  the  2nd,  4th  and  5th  harmonics. 

The  points  where  the  string  is  at  rest  are  called  nodi's,  and  the  points 
half-w;iy  between  these  are  called  looji.f. 

Now  when  a  string  in  vibrated,  in  addition  to  the  fundamental,  some 
of  these  harmonics  are  present.  In  Fig  I'M  {<•)  is  shown  the  form  the 
string  would  aj)pear  to  have  win./  giving  its  fundamental  and  its  first 
harmonic  together.  If  there  are  other  harmonics  present  the  fonn  of  the 
string  will  be  more  complicated. 

Of  course  there  can   bo  harmonics  in  the  ca.se  of  other  than  stringed 

instruments. 

Tlic  (piiility  of  tlie  note  <jiven  by  an  in.stniineiil  depends  on 
wltat  liarnionics  jue  pre.sent. 

In  LTeneiiil,  tlmse  notes  in  wliicli  the  fundamontal  is  rela- 
tively strontj  und  the  harmonics  lew  and  feeble  are  said  to  l>e 
of  a  '  nu'ilow  '  character  ;  but  when  the  liarnionics  are  numer- 
ous tlie  iKjte  is  harslier  and  has  a  so-called  metallic  sound.  I  f  a 
musical  string  is  sti'tick  with  a  hard  body  the  high  harmonics 
come  out  prominently. 

When  a  violin  strinj;  is  bowed  tin;  first  seven  harmonies  are 
present,  and  ;.;ive  to  the  .sound  its  piercing  character.  In  the 
case  of  the  piano  the  1st,  2nd  and  .Srd  harmonics  are  fairly 
stroni;,  while  the  4th,  oth  and  Gth  are  more  feeble. 

125.  Sympathetic  Vibrations.  A  tuning-fork  is  usually  mounted  on 
a  box  of  a  definite  size.  The  stem  «>f  the  fork  makes  the  box  vibrate  and 
when  the  box  is  of  the  proper  size  the  air  column  within  it  vibrates  vigor- 
ously.    It  is  said  to  be  in  renoiutnce  with  the  fork. 
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Fio.  137. -Two  tuning-forks  arraiiK>-<l  to 
show  ii>ni|»»thetic  vibrations.  W'.ien 
one  is  vibrated  the  other  responds. 


Lft  113  pliico  two  timiiig-forlis,  wliicl.  vil.rMo  the  same  number  of 
times  por  .soioiid,  with  tlte  open  l-iuIs  of  their  resonance  J>oxe.s  facing  each 
otiiiT  and  a  short  disUnce  apart  (i''ig. 
i:{7).  Now  vilirate  one  of  them  vigor- 
nii^ly  hy  mean.s  of  a  bow  or  by  strikin.i 
witli  a  soft  mallet  (a  rubber  8lopj)er  on 
a  handle),  and  after  it  ha.s  been  sound- 
iii:;  for  a  few  seconds  brin<,'  it  to  rest 
by  placing  the  hand  ujton  it.  Tiie 
sound  will  s  ill  be  heard,  but  on  ex- 
amination it  will  be  found  to  proceed 
from  the  other  fork. 

This  illustrates  the  phenomenon 
of  sympathetic  vibrations.  The  tirat 
fork  sets  up  vibrations  in  the  resonance  box  on  which  it  is  mounted,  and 
this  produces  vibrations  in  the  inclosed  air  column.  The  waves  proceed 
from  it,  and  on  reaching  the  resonance  Imjx  of  the  second  fork  its  air 
column  is  put  in  vibration.  The  vibrations  are  communicated  to  the  \x>x 
and  then  to  the  fork,  which,  having  considerab!-  mass,  continues  its 
motion  for  some  time. 

A  single  wave  from  the  first  fork  would  have  little  efTect,  l)Ut  when  a 
long  series  comes  in  regular  succession  each  helps  on  what  the  one  next 
before  it  has  .started.  Thus  tiie  etlect  ac.iimulates  until  the  second  fork  is 
given  considerable  motion,  its  sound  being  heard  over  a  large  room. 

For  this  experiment  to  succeed  the  vibration  numbers  of  the  two  forks 
nnist  be  accurately  etpial. 

126.  Illustrations  of  Sympathetic  Vibrations.    The  pendulum  of  a 

clock  has  a  natural  period  of  vibration,  depending  on  it.s  length,  and  if 
stait.d  it  continues  swinging  for  a  while,  but  at  la.st  comes  to  rest.  Now 
the  works  of  the  clock  are  so  constructed  that  a  little  push  is  given  to  the 
p  ■ndulum  at  each  swing  and  these,  being  properly  timed,  are  sufficient  to 
keep  up  the  motion. 

A-ain,  it  is  impossible  by  a  single  pull  im  the  rope  to  ring  a  large  bell, 
but  by  timing  the  pulls  to  the  natural  period  of  the  bell's  motion,  its 
amplitude  continually  increa.ses  imtil  it  rings  properly. 

When  a  body  of  soldiers  is  crossing  a  suspension  bridge  they  are 
usually  made  to  break  step  f<.r  fear  that  the  steady  tramp  of  the  men 
might  .start  a  vibration  agreeing  with  the  free  i>eriiKi  of  llie  bridge,  ami 
which,  by  continual  additions,  might  reach  dangerous  proportions. 
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CHAl'TKK    XIX 
Sources  of  Heat;  Expansion  through  Heat 

127.  Heat  Produced  by  Mechanical  Work.  Our  common 
experience  shows  us  that  we  can  obtain  heat  in  many  ways. 
Let  us  oonsiiler  a  few  experiments,  wliich  will  illustrate  some 
of  these  ways. 

Rub  a  metal  button  vigorously  on  }'our  sleeve  or  on  a  board  and  then 
touch  the  back  of  your  hand  with  it.     It  i.s  unpleaKUitly  hot. 

Bore  with  brace  and  bit  into  a  liardwood  block  or  drill 
a  hole  into  a  pieco  of  iron,  and  then  touch  the  bit  or  the 
drill. 

The  first  inhabitants  of  our  land  used  to  start  a  fire  by 
rubbing  dry  sticks  together.     To  succeed  in    this  require.^, 
considerable  skill  and  patience,  but  it  can  be  done  as  many 
boy -scouts  can  a.ssure  us. 

In  Fig.  138  is  shown  a  so-called  'fire-syringe.'  Into 
this  drop  a  bit  of  tinder  and  then  <iuickly  force  the  piston 
down.  In  the  coinprtssiitn  it  is  possible  to  develop  enough 
heat  to  ignite  the  tinder.  In  some  ga.soline  engines  the 
mixture  of  gasoline  vapour  and  air  is  fired  by  rapidly 
compressing  it. 

The  next  time  you  are  inflating  your  bicycle  tires  feel 
the  barrel  of  your  air-pump  after  you  have  worked  it  for  a 
while.     You  will  find  it  cpiite  warm. 

Lead  bullets  when  shot  against  an  iron  target  have 
sometimes  been  melted  on  striking  it. 

In  eacli  of  the  above  cases  work  was  done,  or 
energy  was  used  up,  in  pro<hicin<j  the  lieat.  "J'he  energy  which 
is  apparently  lost  appears  as  heat.  It  is  energy  in  another  form. 
If  you  bring  a  Ixxly  to  rest  you  destroy  its  motion  as  a  whole, 
but  the  molecules  are  shaken  up  and  are  nuvde  to  move  about 
more  rapidly.     This  causes  the  Ixxly  to  be  heated. 

128.  Heat  from  Chemical  Action.     But  our  n»ost  familiar 

source  of  heat  is  in  the  burning  of  wood  or  coal  or  oil  or  giw. 

How  does  the  heat  arise  here  ? 
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We  Imvc  S(*<>n  that  wlu-n  ii  ImmIv  is  separated  from  the  oartli 
it  lias  potential  oiier;ry  or  on<Ti;y  of  position.  l{eniove  its 
support  ami  it  will  fall  to  the  earth.  Durinj;  its  fall  it  art|!iires 
eiier<^y  of  motion,  or  kinetic  eneri;y,  and  on  strikinj;  the  earth 
this  ener<,'y  is  changed  into  energy  of  molecuhir  motion,  that 
is,  heat. 

When  a  iKxly  like  \voo<l  or  coal  is  surrounded  hy  oxygen, 
the  chemical  separation  of  the  carbon  and  oxygen  particles  is 
a  form  of  potential  en  -rgy.  When  heated  to  the  ignition 
point  they  come  together  and  unite,  and  in  their  union  heat  id 
produced. 

129.  Heat  from  an  Electric  Current.  Let  us  tak  a  short 
])iece  of  very  tine  iron  or  platinum  wire  ami  pass  the  current 
from  three  or  four  dry  cells  through  it.  The  wire  becomes 
white  hot  and  may  be  melted.  The  ordinary  incandescent 
electric  lamps  are  made  on  this  principle.  An  electric  current 
jiasses  through  the  tine  carbon  or  metal  filament  which  is  thus 
made  white  hot.  Electric  heaters  and  electric  cookers  are 
simply  coils  of  suitable  wire  heated  by  the  electric  current. 

In  these  cases  the  current  i.s  usually  pnKluccd  by  a  dynamo 
which  is  driven  by  a  steam  engine  or  by  water  power,  an<l  so 
the  heat  can  be  traced  back  to  mechanical  work.  If  the 
current  is  obtained  from  cells  their  chemical  energy  is  used  up 
in  producing  the  heat. 

130.  Heat  from  the  Sun.  Oiu-  most  im|)ortant  souice  of 
heat,  however,  is  the  .sun.  This  wonderful  Ixxly  must  be  very 
hot  as  it  is  such  an  enormous  distance  from  us  ai\d  yet  it  is 
able  to  send  us  great  rpiantities  of  heat.  The  coal  ami  W(M)d 
which  we  burn  come  from  stores  in  the  earth  put  there  in  past 
ages  by  the  sun.  Indeetl  nearly  all  our  heat  and  light  and 
power  can  be  traced  back  to  the  sun. 

The  manner  in  which  the  heat  and  light  are  conveyed  t.  the 
earth  from  the  sun  will  be  referred  to  in  a  later  chapter. 
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ll(i        SoUUCKS  OF  IIKAT;   KXl'AN.SKiX    lHI!(il(ill    IlKAT 

131.  Expansion  of  Solids  by  Heat.  KxainpU.H  <.f  the 
expiinsion  of  solid  lioilics  wlnii  lii;itt<l  uif  \civ  nuiiHTnus  mul 
Jin;  cotiiiiionly  ohstTvcil.  Tlif  fullowiii;^  siiiijde  oxperiineiits 
arc  t^cjod  illustrations. 

Take  ii  brass  ball  (Fig.  IIVA)  which  can  just  jiass  throiigli  a  riiij,'  when 
tiiey  are  both  colil,  and  heat  itwitli  a  Hiinser  burner 
or  other  convenient  means.  Try  to  put  the  riny 
thrr>u'.,'h  now.  It  will  nut  {,'(>,  it  is  too  larj;;e  ; 
))Ut  allow  it  to  stand  a  \>hile  until  it  cuol.s 
down  and  tl:e  rini|  warni.i  up,  and  it  will  go 
tlimuLrh. 


S£3 


■jumijump 


Fill.  Ho.  — Expaiiwon  of  rod  liy  hiat. 


Fio.  I.'i;)      Kxiciiision  of 
liall  l.\  h'.at. 


In  Fig.  140  is  a  metal  rod  who.sf  right-h;ind 
end  re«t.s  a'j;aiiLst  an  upright  support,  while  the  other 
end  passes  througli  another  upright  and  is  free  to  move.  This  end  reits 
against  the  short  arm  of  a  lever  whose  other  arm  is  long  and  is  at  riglit 
angles  t<j  the  short  arm.  A  small  motion  in  the  end  of  the  short  arm 
makes  a  umeh  greater  motion  in  the  end  of  the  hiig  arm,  and  there  is  a 
veitii'al  scale  behind  it  to  show  how  much  it  moves,  (tn  lighting  the  row 
of  Imrners  under  the  rod.  the  end  of  the  long  lever  is  seen  to  move  over 
the  .scale,  thus  sliowing  tliat  the  rod  h;is  expanded  when  heated. 

Next,  let  us  tiike  a  compniinil  bar  made  by  riveting  together  a  copper 
and  an  iron  strip,  and  let  us  heat  it  uni- 
formly. It  bends  into  the  form  of  an  .•we 
of  :i  circle,  with  the  copper  strip  on  the 
outer  or  convex  side.  Both  strips  expand. 
but  the  copper  more  than  the  iron.  If 
placed  in  a  cold  batli,  it  bends  in  the  opposite 
direction,  with  the  iron  on  the  convex  side. 

Those  expcrinn'iits  illustrate'  a  very  t^eneral  law.  Solids 
with  Neiy  ieW  exeeptioii.s  fXpand  wiie..  healed  and  eoiiLracL 
wlieii  ctx)led,  but  ditiereut  solids  have  ditlereut  rates  of 
expansion. 


Kiu.  141.-  Bendinif  of  coiiii"*'""*! 
liar  In  titit'qual  ex|iaii»iuii  of  it* 
parts. 
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Km.  HI.  E»i>aii 
Kioii  of  lii|Ui((!<  by 
hrat. 


132.  Expansion  of  Liquids  and  Oases.     Lii|ui(ls  nh 
piuid  wlu'ti   lu'iitt'd.     Tlio    uinount  of  expjinsion 
vai'its  with  the  liijiiifl,   liut  on  the  whole,  it  is 
inticli  •Teatt'i"  tliau  that  of  solids. 

Fill  11  small  flask  with  water  with  a  little  ODlourinj; 
matter  in  it  and  thin  push  in  thu  Htoppcr  through 
which  a  small  glass  tubo  jia.sscs  (Fi^'.  14*J).  The  wattr 
rist'9  in  the  tul»e,  its  heif^ht  hcing  shown  hy  a  pajM  r 
scale  attachoil  to  it.  Ni>w  take  hulil  of  the  upper  eiitl  cf 
the  tuho  anil  thruit  the  flask  into  hut  water,  watching' 
sh.irply  the  liipiiil  in  the  tuln;.  At  first  it  falls,  hut  after 
a  minute  or  less  it  begins  to  ri.se  anil  it  soon  goes  higher 
than  it  wa.H  at  flrst. 

The  fall  in  the  liquid  at  first  was  caused  by  the  flask 
expanding  before  the  heat  hiul  time  to  gel  to  the  water 
iu  it,  and  the  fact  that  the  water  ro.so  in  the  tube  higher 
than  it  was  origijially  shows  that  water  expands  more 
than  glass. 

As  in  the  CJise  of  solids  some  li(iui«ls  expand  nmre  than 
others.  For  e.Kauiple,  alcohol  expands  more 
than  coal  oil  and  coal  oil  more  than  water. 

The  ajiparalns  jnst  used  can  also  he  em- 
ploye<l  to  show  that  e;ases  expand  thronj.jh 
heat. 

Remove  the  .stopper  and  tube  from  the  flask  anil 
pour  the  eoloure<l  water  iiito  a  lieaker  (Fig.  14.H). 
Then  replace  the  cork  and  thrust  the  open  end  of  the 
tube  un<ler  the  surface  of  the  water.  Now  hoM  liie 
hand  about  the  flusk  Heat  fnm  it  cau.ses  the  air 
within  it  to  expand,  and  it  is  seen  to  bubble  out 
through  the  water. 
■I    ill  Finalij  remove  the  hand  from  the  fla.sk  and  the 

'-^'^-^  contained  air  cook  down  and  contracts,  and  wa'er  is 

forced  up  the  tube  by  the  pressure  if  the  outside  air 
on  the  surface  of  the  water  in  the  beaker. 

Unlike  soli<ls  and  li  piids,  all  cra.se.s  have,  at 
the  ordinary  pressure  of  the  air,  approximately  the  same  rates 
of  expansion. 


Kiu.  143.— Ex)>aiiiiion 
of  g^a  by  heat. 


«Hr^;<rt;ii.' 
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133.  Applications  of  Expansion    Compensated  Pendnlums,     A 
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clock  JH  legMlati.l  l.y  a  jniululuin.    wIi.-ho   nito  <,f  vil)ratioii  tlei.en(l»  on 
its  Ifimtli.     Tlio  l<.iiji;tr  the  |.eiululiiiii, 
f  till!  Ml..wer  the  heat  ;  and  the  shurtcr, 

the  f;iHter.  ChnMj,'e8  in  tt.>iii|iL>rature 
will  tlRTcforo  cause  irregularities  in 
the  running  of  tho  cl«M^k,  iinleiw  some 
provision  is  nia<lo  for  keejiiiig  tho 
liendulum  constant  in  length  through 
changes  in  teniiKjrature.  Two  forms 
of  coniiiensatioii  are  in  common  use. 
The  (iraham  pendulum  (Fig.  144)  is 
provi.led  wiih  a  iKih  consisting  of  j\ 
jar  with  mercury  in  it.  Expansion  in 
the  rod  lowers  the  centre  of  gravity  of 
the  hoi),  while  expansion  in  fhe  mer- 
cury raises  it.  The  cpiantity  of  mercury 
is  so  adjusted  as  to  keep  the  length  of 
the  jKjnduIum  the  same. 
Tn  tho  Harrison,  or  gridiron  pendulum  (Fig.  146) 
the  boh  hangs  from  a  framework  «.f  brass  and  steel  rods, 
so  connected  that  an  inerea,se  in  lengtli  of  tho  steel  r.Kls 
Oiark  in  the  figure),  tends  to  lower  the  bob,  while  an 
increase  in  the  length  of  the  bra.ss  ones  tends  to  raise  it.  TI.e  lengths  <.f 
the  two  sets  are  adjusted  to  keep  the  resultant  length  of  the  i^ndulum 
constjint. 

134.  Chronometer  Balance  Wheel.  A  watch  is  regulate.!  by  a 
balance  wheel,  controlled  by  a  hair-spring  (Fig. 
Hd).  A  rise  in  temperature  tends  to  increase 
the  diameter  of  the  wheel  and  to  decrease  the 
elasticity  of  the  spring.  Both  elfecta  W(.uld  cause 
the  watch  to  lose  time.  To  counteract  these  re- 
tarding effects,   the   rim   of   the   balance   wheel  in 

chronometers  and  higli-gnule  watches  is  made  fn.ni 

'*  l^^  two  meUls  and  mounted  in  sections,  as  shown  in 

"V^'^^T'  "'"*'      J'ife'-  1-16-     The  outer  metal  is  the  more  expansible, 

and  as  the  temperature  rises  the  free  enc's  of  the 

rim  turn  inwards,  thus  lessenmg  the  effective  diameter  of  the  wheel  and 

overcoming  the  exi^ansion  of  the  wheel  as  a  whole. 


Q 

Fie.  146. -Harrison 
pendulum. 
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QUESnOMI 

1.  A  glKHM  dtopjHT  which  is  ntnck  in  the  iictk   nf  n  Ixittlo  may  be 
IcMisoiii'd  liy  subjecting  the  neck  to  friction  l«y  u  string.     Kxplain. 

2.  Boiler  jihttes  are  put  together  with  red-hot  rivets.     What  is  tl»e 
riiisi.n  for  tliiH  1 

3.  W!iy  does  a  ItlackHUiith  lieat  a  wagon-tire  In-fore  adjusting  it  on 
tlio  wheel  ? 

4.  Why  are  the  rails  of  a  railroad  track  lai<l  with  tlie  ends  not  <|uito 
touching? 

5.  Why  dcjcs  change  in  the  temiteraturo  of  a  nnun  affect  the  tone  of 
fi  piano  ? 

6.  If  a  drop  of  water  falls  on  a  hot  lamp  chimney,  or  if  Innling  water 
i.s  poured  into  a  glass  jar,  the  glass  usually  cracks.     Explain  why. 
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CHAPTKK  XX 

TkMI'KIIAIIKK 

135.  Nature  of  Temperature.  Wh.-n  the  hliicksmitli  throws 
II  jtiiTf  of  iiil-liot  iriiii  iiit(j  !i  tub  of  culd  watrr,  the  iron 
ovi'lciitly  l((s.-s  licit,  wliili-  tlif  wut«'r  ^iiiiis  it.  Wlitii  two 
lioilifs  likf  the  ill  111  ;ini|  water  ai-c  iiisudi  a  comlitidn  that  one 
;jrows  wanm  r  aii'l  tin- otln-r  cnMcr  whiii  tht-y  are  hrou^^ht  in 
contact,  they  Jiic  sai<l  to  \»'  at  ilitrt-rfnt  tiiiijMraturL's.  Tlic 
IhmIv  which  ^.^aiiiH  heat  is  sai<l  to  hr  at  a  lower  teni|M'rature 
than  the  (iik;  wliicli  loses  it.  If  neither  j^'rows  wanner  when 
the  lM)iIies  are  l)rou<,'ht  to;;etlier,  they  an'  sai<l  to  he  at  the 
.siinii!  teiiijMratnre. 

136.  Temperature  and  Quantity  of  Heat.  A  pint  of  water 
taken  fioiii  a  vat  is  .u  tie-  s.iiiit  teinjicralure  as  a  ;,'allon  taken 
fnnn  the  same  source.  They  will  also  heat  the  .same  teiiijH-ni- 
tiire  when  Ixdli  are  hroii^^ht  to  the  hoilin;;  point,  hut  if  they 
are  lie;ite<l  one  after  the  other  hy  the  sjinie  j^.is  tlame,  it  will 
take  much  lonj^er  to  hiiii<;  the  j^allon  up  to  the  lM)ilint;  point 
tli.iii  to  raise  the  ])int  to  the  same  t<'niperature.  The  change 
in  teiiiper.itiire  is  the  same  in  the  t'\o  cs,  hut  the  tinniflftf 
i>J  In, it  ahsdrlieil  is  (liflerent.  A  lari;*!  railiator  filled  with  li(»t 
w.iler  may,  in  coolinjr,  ^i\t>  out  enou<fh  heat  to  warm  up  a 
loom,  liut  a  small  pitcher  of  hot  water  loses  its  heat  with  no 
ap[i.irent  eflect.  The  <|uantity  of  heat  possessed  hy  a  hody 
evidently  depends  on  its  nia.ss  as  well  as  its  temperattnv. 

137.  Determination  of  Temperature.    In  a  ron.di  wav  we 

can  tell  the  trmperature  of  a  hody  hy  touchiii*;  it,  hut  the 
followjnu  simple  experiments  will  show  that  our  temperature 
.sense  cannot  he  relieil  on  : 

T.ike  three  vu.s.sels,  oiio  iimtiliiiiiig  water  a.s  hot  n.s  ran  l>e  borne  l)y 
the  li;iii<l,  (iiu>  cont.'iiiiiiK^  ii-i' ccilil  wiifiT,  .iiul  ti\\o  with  water  at  thu 
toin|(i'r.ituri'  <pf  tlie  rnuiii.  Ifohl  :i  tinL,'cr  of  one  li.ind  in  the  cold  water 
ami  a  tiiiger  of  the  other  iu  the  liot  water  fur  one  or  two  minutes,  and 
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iniiiiiili.'kti'ly  iiiiiTt  lintli  fiiiifiTs  ill  the  ihinl  voMvl.  To  one  finder  the 
wtirr  will  ni)iii'!ir  t^  l»o  Imt.  .iiul  to  tlio  otlior,  «<>lil.  Tlio  ex|)eiim«!nt 
s!n>»»  ".liiit  oiir  ustimii'mn  nf  t«-iit|>iM'iitiirt' iti-peiulH,  to  ;i  cfrtniii  i-xtciit,  on 
tin-  ttiii[>or.'itiire  of  I'lo  jmrt  of  tliu  iMnly  ug»!«l  to  nuiki'  tlio  ilutoriiiiii.'ition. 

On  n  vt-ry  oM  wiiitiT  «'  ly  if  wo  coim?  from  out  of  «l(H)rs  into  u  ccllnr 
It  ffi'ls  wiiriii,  wliilo  oil  a  li"t  suiiiiiu'r  tiny  it  fieli»  i-olil. 

A^aiii,  on  n  very  col<l  dny  touch  n  jiiwe  of  iron  anil  i»  jiicco  of  wimmI. 
Till.-  foriiiiT  fcils  much  cold,  r,  thou^jh  Iwith  Hfe  at  tlic  H-imo  tcni|iLTatiir«t. 
'I'luiM  our  istiiimtioii  of  the  tcmptTnturo  of  a  ^cnly  (Kpo'iih  on  itA  nature 
m  \\f\l  iiH  on  our  own  coiiiiitioii. 

H<«\v  thru  sliiill  \v<(  iiit'dHiiro  toinpt'Diture  f  We  Imve  wt-n 
that  wlioii  a  ]u>i\y  is  licatod  it  cxpuiKls,  the  lii^luT  tin;  tt'iu- 
])<  latiiri',  tlie  f^ri'titcr  tlto  fxpansioii ;  ati<l  it  woiiM  soeiii  nattiial, 
f  lidofon',  to  iiH'Usmc  triiijicnittift'  liy  tin-  ('Xpaiisioii  of  sonie 
^iihstaiifc.  Alcohol  and  Jiiffctirv  ate  the  Kulistunct-s  coiunioiily 
ii^.il,  th<!  foriiKT  iH-'iu;;  iLM[uirt'd  if  we  have  t«^  iiietiwure  very 
1m\v  toiiiperatures. 

138.  The  Making  of  a  Mercury  Thermometer.  Fii-st  a 
pit'co  of  thick-walled  j;lass  t  .'litij;  with  a  fine  uniform  lK)re  is 
chosen,  and  a  little  Imlb  is  hlown  on  one  einl.  Hull)  and  tnbe 
arc  then  tilled  with  mercnry.  This  is  ilone  by  heatiii",'  the 
liiill)  to  expel  a  part  of  the  air  and  then  dippin;;  the  ojx-n  end 
of  the  tiilK  into  iii<r'-iry.  A^  the  Inilli  cools  the  air  within  it 
contracts,  and  the  mercury  is  forced  into  it  liy  tin;  pressure  of 
the  outside  air.  The  nicrcnry  within  the  hull)  is  then  lieated 
until  it  h(»il.s  and  ex[)els  the  remaininjj  air,  an<l  the  end  of  the 
till).' is  a;;aitt  immersed  in  mercury.  On  c(K>lini;,  the  merciny 
vapour  condfusrs,  and  liulb  and  tube  are  completely  tilled  with 
mercury.     The  tulx;  is  then  sealed. 

139.  Determination  of  the  Fixed  Points.  Since  we  can 
deseril>e  a  partictjlar  temperjiture  only  by  statini;  how  much 
it  is  alxive  or  below  sotne  tempeniture  as.sunnHl  as  a  Htandard, 
it  is  necf.ssarv  to  fix  upon  standanls  of  temperature  and  al.so 
units  of  difierence  of  temjKTature.  This  is  moy!.  conveniently 
•lone  by  selecting  two  fixed  points  for  a  the.     juietric  scale. 
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The  stanrhirds  in  almost  universal  usr  an-  the  "freezing  point" 
and  the  "  boiling  jjoint  "  of  water 

^  To  (leteniiine  tlio  freezing 

\  point,    tliu    thennonieter    is 

-,^r\^-.>, —  surromi.led  witli  moist  finely 

broken  ice  ( Fi;r.  147  >_  ,i|„| 
the  pijint  at  which  the  mer- 
cury stands  when  it  l)ecomes 
stationary  is  marked  on  the 
stem. 


I 


K.?^> 


V  o 


i'\ti.    147.  -    Iteteriniiia' 
tion  of  freezinif  point. 


T 


The  lx)iling  point  is  det«-r- 
mined  by  exp<,sing  the  bulb 
and  stem  to  steam  risintrfroui   ^*-  ns-neiermina- 

....  '^  Won  of  lulling  point. 

jxii-e  water  (xniKijr  under  a 
pressure   (,f  7()  cm.   of   mercury  (Fig.    U8).      As   before,  the 
height  of  the  mercury  is  marked  on  the  stem. 

140.  Graduation  of  the  Thermometer.  Having  marked 
the  freezing  and  lK)iling  points,  the  ne.xt  step  is  toVa-luate 
the  thermometer.  Two  scales  are  in  counuon  ase,  the  Centi- 
grade .Kcale  and  the  Fahrenheit  .scale. 

The  Centigrade  scale  i.s  now  universally 
employed  in  scientific  work.  The  spjice 
intervening  between  the  freezing  point  and 
tin;  lM)iliiig  point  is  divided  into  one  hundred 
e<[ual  divi.sions.or  degrees,  and  the  zero  of 
the  scale  is  placed  at  the  freezing  point,  the 
graduations  being  extended  both  above  ai.d 
below  the  zero  point. 

The  Fahrenheit  scale  is  in  common  use 
among  English  speaking  people  for  house- 
hold   purposes.      Tlie    space   between   the 
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irwy-nx^r    point   .'nd    the    lx)iling    point   is 
divided   into  one  hundred  and       ,    y  equal   division.s,  each 
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callrd  a  (li'grco,  and  the  zero  is  placed  thirty-two  divisions 
!)fli»\v  the  fivczini,'  jxnnt.  The  froc/.inj,'  i«)int,  therefore,  reads 
:i-2  ,  and  the  Ijoilinj,'  point  212'  (Fi<r.  149). 

141.  Comparinon  of  Thermometer  Scales.  S.imetimes  a  UMnpera- 
tiiro  is  stated  on  ono  scale  and  wu  wish  to  know  how  it  would  b«  8Ut«d 
im  the  other. 

For  exain|>lc,  l«t  ns  find  what  rea<ling  on  the  Centigrade  scale  corres- 
jMiids  to  zero  on  the  Fahrenlieit  scale.     (See  Fig.  149). 

From  the  way  the  twr)  scales  are  made, 

100  Centigrade  degrees  -    180  Fahrenheit  degrees, 
5         ■•  "         =       9  "  " 

Now  zero  on  the  Fahr.  scale  is  32  Fahr.  dc«ree8  below  the  freezing 
[,Mi„t,  p.nd  32  Fahr.  degree8=§  x32=17.8  Cent,  degrees.  Hence  the 
iv.i.hng  on  the  Cent,  scale  corresiKmding  to  0'  F.  is  17.8  Cent,  degrees 
helow  0°  C,  which  is  usually  written  -  17.8°  C. 
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f.  Next,  suppose  tlie  reading  on  the  Cent.  ^• 

-212    thennoiiieter  is  20"  ;  what  is  the  correspond-    loo- 
ing    reailing    on    the    F.ihr.    thermometer? 
Draw  a  diagram  a.s  in  Fig.  150. 

The  Cent,  reading  is  20°,  that  is,  the 
temperature  is  20  Cent,  degrees  ab<jve  the 
freezing  point. 

But  20  Cent,  degrees  =20x  |  36  Fah. 
degrees.  Tlierefore  the  Fahr.  reading  is  36 
degrees  above  32,  or  is  G8  ;  that  is,  20°  C. 
corresponds  to  68°  F. 

Let  us  take   one   more   exam[)le.     The         y^^  j^j 
temperature   as  shown  on   the   Fahr.  ther- 
mometer is  5° ;    what    is    the    corresponding    reading    on    the    Cent, 
thermometer?    (Fig.  161). 

.  In  this  case  the  given  reading  is  32-5  =  27  Fahr.  degrees  below 
freezing  point. 

But  27  Fahr.  degrees  =  27  x  §  =  16  Cent,  degrees. 
Hence  6°  F.  corresponds  to  -  15°  C. 
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PROBLEMS 

1.  To   how    iiuiny    Fithniilifit    ilc<;reeH   are    tlie   followiii-^   Centigrade 
degrees  e(jiiiv;ilent  :—.">,  1«,  27,  Co  I 

2.  To  h'lw   many    Centi<,'rado   deforces   are    the    following    Fahrenlieit 
degrees  e<iiiivaleiit : — 'JO,  27,  •5<>,  !*5  ? 

3.  How  many  Fahrenheit  degrees  above  freezing  point  is  05"  C? 

4.  How  many  Centigrade  degrees  ahove  freezing  jioint  is  (iO''  F.? 

5.  Convert  the  following  readings  on  the  Fahrenheit  scale  to  Centi- 
grade readings  i-C,  10',  32',  4r.°,  100',  -25°,  and  -10°. 

»>.  Convert  tiie  following  readings  on  tlie  Centigrade  scale  to  Fahrenheit 
readings  :— 10°,  20°,  32%  75°,  -20',  -40°,  and  -273'. 
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CHAITKR  XXI 
ExPAN'siox  MK  Wateu:    1v\i'a\si(>\  (tF  (Jasks 
142.  Peculiar  Behaviour  of  Water.      As  we  lm\e  .mooh, 

wlicn  the  tt'inprraturt'  of  a  liixly  is  r.iisi-il  it  usually  cxpiinfis. 
At  fcilaiii  ti'iiipefatuit's,  however,  water  beliaves  in  a  peculiar 
way  which  we  may  stmly  in  the  following  experiment : 

In  Fig.  152  is  shown  €i  tall  glass  or  nietfil  jar  "ith  n  metal  trniigh 
alwiut  the  niiddlo  of  it,  and  with  two  thennometers  inserted,  one  at  the 
tup,  tiio  other  at  the  hiitt<ini.  The  jar  in  tilliMl  with 
watfr  at  the  teniperaturt'  of  the  room  (.s;iy 'J()°  C), 
and  a  mixture  of  finely  broken  ioe  and  .>alt  or  snow 
and  salt  is  put  into  the  trou'„di.  This  is  calle<l  a 
freezing;  mixture.  When  it  melts  it  jiruduceH  a 
temperature  below  the  freezijij^  point  of  water. 
Tho  reason  why  it  does  so  will  Wo  explained  a  little 
later  (Chapter  xxiii). 

Now  let  us  watch  the  two  thermometers,  mark- 
ing down  their  readings  every  minute  for  ."5  or  40 
minutes.  We  find  that  for  a  while  the  upper  one 
remains  stationary  and  the  lower  one  continues  to  f'  '  until  it  shows  a 
t(  ni{)erature  of  4'  C.  It  now  remains  steady  at  this  reaiiiiig  and  tlie  upper 
on.'  begins  to  fall  and  continues  to  do  so  until  it  reaches  the  freezing 
pointi,  0  C. 

The  exjjeriment  shows  that  as  the  water  about  the  centre  of  the  jar  is 
cooled  it  becomes  denser  and  continues  to  descend  until  all  the  water  in 
the  lower  pai'  of  the  jar  has  reached  the  maxii.iinn  densitj-.  This  occui-s 
when  the  temperature  is  4  C.  On  further  cooling  the  water  in  the  middle 
of  the  jar  it  becomes  lighter  and  ascends. 

Tho  experiment  illustrates  the  behaviour  of  hirjje  Ixwlies  of 
water  in  cooling  a.s  winter  approaches.  As  the  surface  hiyers 
cool  they  become  denser  and  sink,  while  the  warmer  water 
helow  rises  to  the  top.  This  process  contiimes  until  the  whole 
mass  of  water  roaches  a  uniform  temperature  of  4  C.  The 
colder  and  iiohter  water  then  remains  on  the  aUiface,  where 
the  ice  forms,  and  this  protects  the  water  below^. 
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143.  Expansion  of  Gases -Charles'  Law.    Tl; 


<■    i-XpMJlsKin 


tl! 


of  ;,'.isc.s  MS  tin-  t«'iiii»iiatiirL'  rises  is  iiiucli  sUt  tluiii  that  of 

liijiiids,  aii<l  they  all  cxiwukI  l>y  tlie  sai.  aiiioiuit.  If  any 
<,'as(s,  say  aii-.  o.\y;,nii  aii'l  c.iiIk)!!  dioxide  liavi;  tMjual  voliiiiifs 
atacirtaiii  tciiiiM'ratuif,  tln'\-  will  still  liav<'  cfjiml  voliniies 
when  they  arc  iiiadf  to  lia\<'  any  otin  r  tciiipcraturo.  It  must 
he  uiid(rstoo<l,  liowt'ver,  that  tin;  pjvHsuif  is  the  sanio  at  tlic 
two  tcm|)cratnrcH. 

Exact  i"X[)(iinu'nts  liav(3  ])cfri  i»<'rfornio<i  to  dfti-nniiic  tlie 
ivlatioii  hctwcfii  tlie  vohiiiic  and  tenijK'ratuic.  It  lia.s  bcvn 
sliowM  that  w  li.n  a  gas  is  hcatt-d  its  volume  iiicrottsos  for  caoh 
centigrade  d('(,n(c  rise  in  ttiiiiu'iaturo,  ^  1 ,;  of  tliu  vohimc  at  0  ('. 

This  is  known  as  Charles'  Law,  and  as  it  is  very  important, 
both  in  I'liysics  and  Chemistry,  we  shall  consider  one  or  two 
examples  on  it. 

EXAMPLES   ON   CHARLES'    LAW 

1.  Suppd.se  tin:  voluiiu!  of  ii  certain  mum*  of  gas  at  0°  C.  is  1  cu.  foot  ; 
find  it.s  vohinu'  ;it  any  otlitT  toniiu-ratiin',  say  (15°  C. 
Wu  have, 

Voliniie  of  the  gas  at    0°  C.    ^  1  cu.  ft. 

II  tt         1°        -    1.^1.5  or  'fifi  cu.  ft. 

I'  II         2°       --  1.. e.j  or  .i'Z §     II 


oT^n 


II     II      II 
II      I'      II 

II  M  I,  <)5°  =     l.V. 

2.  Let  the  voliuiic  at  0°  C.  lie  3!>  litres  ;  what  will  it  he  at  44°  C.i 
As  before, 

Volume  of  the  ga.s  at    0'  ('.  =  3!>  litres 

r       =  3H  X  1.^1.;  =  39  X  ,if|J  litres 
M       44°       =  3!)  X  I'^A,  =  39  X  [flj 

--=  45.3  1.  (nearly) 

3.  (iivcn  that  tlie  volume  of  a  nuiss  of  gas  at  100°  C.  is  520  c.c,  what 
will  the  Volume  he  at  0°C.^ 

We  know  that  1  c.c.  at  0°  0.  hecoines  W^^  or  Ifyi  c.c.  at  10(J°  C. 

Hence,  .■fl.':  c.c.  at  100°  becomes  1  c.c.  at  0°  C. 


1 
■•Z:\ 

tt 

It 

-i}.;^        "                " 

.Tf  vj  or  1  c.c. 

II 

tl 

Jif:l      " 

520       „ 

n 

II 

7,11  X  520  11 

= 

380.6  c.c.  (nearly) 
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PROBLEMS 

1.  Kxjiltiiii  wliere  tlio  ico  wnuM  foiin  and  wliat  wmilil  liiippt-ii  if 
niter  coiitinMi"il  to  cmitrai't  down  ti>  IP  C;  first,  BiipimsiiiL;  tli.it  wlii'ii 
w.iier  tiinu'il  iiit"  ice  it  incrcastMl  in  vuliinn',  as  it  <1"«'S  nuw  ;  st'conil. 
Mij>lM)siii<^  tlirit  it  tDok  up  a  snialltT  voliimu  than  tliat  of  tliu  wattr  from 
which  it  was  formed. 

2.  Tho  j)res.siire  remaining  constant,  what  voiiiiiie  will  a  given  iniias 
of  giis  occiii>y  at  75°  C,  if  its  volume  at  0°  C.  is  22.4  litres. 

3.  If  the  volume  of  a  given  mass  of  gas  is  120  c.c.  at  17°  C,  what 
will  its  volume  be  at  0'  C,  pressure  remaining  con.stant  I 

4.  If  tlie  volume  is  108  c.c.  at  (f  C,  find  the  volume  at  -1°,  -2°, 
-i;>°  C,  pressure  remaining  constftnt. 

r>.  A  j^'iveii  mas.s  of  gas  ocoipies  a  volume  of  r>lt»  c  c.  at  0°  ('.  Its 
temperature  i.s  raised  to37°C.,  the  pressure  lieing  k(])t  constant;  find 
tlie  volume. 

If  now  the  pressure  is  doubled  what  will  the  vidume  become  1 
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("IIAITKU    XXII 
MKAsntKMFAr  OK  Heat 

144.  Unit  of  Heat.  As  ulicidy  |«)iiit(il  out,  tin-  tinij>t'rn- 
fii  ,■<'  of  ;i  lioijy  must  Im-  clcirly  <list  int,niislit'(l  from  the  ([ikh  nt'ity 
(if  liiiil  wliicli  it  couliiius.  Tilt'  tlii-rmouictt-r  is  uscil  to 
dt'tt'i  iiiiuc  tlu!  ti'mpcr.iturt'  of  u  Ixxly,  huL  its  ri"a<iinj^  does 
not  ;;!%•<'  till'  «|U:uitity  of  lir.it  possessed  hy  it.  A  <;riiiii  of 
wali'i'  in  one  vi-ssd  may  have  a  iii;,difr  tfuijtcratuiv  than  a 
kilo;;raui  iu  aucjtlier,  l)Ut  tlii!  latter  may  couiaiti  a  ;,'n■at^^l■ 
quantity  of  licat.  A^aiu,  a  pound  of  water  and  a  pound  of 
niereuiy  may  1>"  at  the  same  temj)eratuie,  l)ut  we  liave  ivasons 
for  Ixdievinj;  that  the  water  contains  more  lieat. 

In  order  to  measure  heat  we  nuist  ch(M)se  a  suitable  unit. 
When  we  measure  leuLTth  wt;  Use  as  unit  a  centimetre,  a  vard, 
a  mile,  etc.:  as  unit  of  mass  we  choose  a  <;ram,  a  ])ound,  a 
kilo^n-am,  etc.;  what  shall  lie  our  unit  of  heat  ;' 

Tlie  unit  connnoidy  used  in  scientific  work  is  the  amount 
of  liciit  i'i'<iii.i.iril  to  rn'iKr  In/  1  C'l'iif.  dii/rce  the  tfin/n'rature  of 

1  gnim.  of  >r(if>'r.     The  nanu;  trjvcn  to  it  is  a  CAI.OKIE. 

To  raise  1  (fram  throu«fh  "2    requires  2  calories,  and  to  raise 

2  ^M-ams  tlirouorh  l  reipiires  2  calories;  that  is,  the  (fj-eater 
the  change  in  temperature  or  the  <;re.iter  the  mas,s  whose 
temperature  is  raised,  the  more  calories  are  needed  to  do  it. 

Wo  can  Hay,  tlun, 

t<»  raise  I  gram  of  water  through  1  Cent.  dcg.  requires  1  calorie, 
ti)  raise  4  grauis  of  water  tlirough  T)  Cent.  de^,'.  reiiuires  20  calories, 
to  raise  150  grams  of  water  through  12  Cent.  deg.  reciuires  1,800 


and  .so  on. 


calories. 


nicnt 


To  learn  better  wliat  cjilorie  means,  let  us  perform  a  sinqjle  experi- 
;it.  Take  [V)Q  grams  of  water  in  a  metal  vessel  and  place  it  over  a 
VinriK'V  or  on  :\  stove.  8tir  it  with  a  therjiionjt'ter  .iiid  re.ad  thf  t>ntj>i'r- 
ature.  L.t  it  Ik-  10'' C.  .\1!ow  it  to  stand  a  few  minutes  and  take  the 
temi>erature  agJiin  ;  let  it  he  l»i°  C.     Then  the  amount  of  heat  whi.'h  the 
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«, Iter  has  rewive.l  -  300  x  «'.  .  l.SfM)  ciluries.  Heat  it  furtl.ir.  and  Itt 
tl.,.  i.iiiptTaturu  l.u  yir  V.  Til.'  Wi.l.i  lias  n-.w  al.surlK.l  :{()0  x  'JO  «'..m)0 
,:il..iifs.  Ci'Utiiuie  licatiiig  until  tlie  watt-r  l»--iiis  I.-  Ix-il  ;  tli.' tiiiii>iT- 
:iMiiv  is  now  KK)'  C,  an.l  the  lis.-  in  t-'Uiporat iir.'  is  «M)  .l.-icis.  llfnce, 
,hr  ai.iMUht  of  heat  taken  in  hy  the  water  --  im  x  !K>      i'7,(MH)  cah.ri.'s. 

Next,  allow  the  water  to  cool  down.  In  a  few  minutes  the  teinimr- 
itur.-  will  ho  IMP  C,  ..r  the  fall  in  temperature  is  10  .le^'rees.  The  water 
ilK-n  has  given  out  im)  x  10  -  :'.,0(M)  calories.  Let  it  continue  cooling 
,11  :;  it  re.rcii.'s  the  temperature  ot  the  r.-oiii,  say  'JO'  »'.  Then  the  fall  in 
t,  n.perature  is  SD  decrees,  an.l  the  amount  of  heat  ^'iveii  .mt  hy  it  is 
;;ii()  X  SO      'J4,0(K)  calories. 

Ill  luiikinj;  c;ik-iil;iti<)iis  iv;rar(liii<:  ste.uii  cii^rinr's,  jiii-1  in 
-,onie  olli.T  (•ii;,'in.'oriii<,'  work.  anotli.T  unit  of  Inat  is  oi'tt'ii 
uso.l.  It  is  the  junouiit  ol"  iu'iit  i-.'-iuircl  to  raist'  l.y  1  Falir. 
.l.-iw  tlu'  t.iiipcratiin-  of  1  potiiwl  of  wat.r.  It  is  calk-da 
iJritish  tlieriiial  unit  (written  H.T.U.). 

PROBLEMS 

•  1.  H.w  many  calories  of  heat  must  enter  a  ma-ss  of  05  grams  of  water 
to  change  its  temperature  from  10°  C.  to  'X)°V.  I 

2.  How  many  calories  of  heat  are  given  out  hy  the  cooling  of  120 
U'rams  of  water  from  85°  C.  to  00°  C.  ? 

3.  If  1,400  cah)ries..f  heat  enter  a  ma.ss  of  175  grains  of  water  what 
\Till  l)e  its  final  temperature,  supposing  the  original  to  he  15n'J 

4.  A  hot  water  coil  containing  100  kih.grams  of  water  gives  off 
l,fM(0,()Oa  calories  of  heat.  Neglecting  the  heat  lost  l.y  the  iron,  find  the 
f.ill  in  temperature  in  the  water. 

5.  On  mi.xing  05  gram.s  .  water  at  75°  C.  with  85  grams  at  C0°  C, 
what  will  he  the  temperature  of  the  mixture  ? 

i;.  H..W  many  U.T.U's  are  rciuired  to  heat  GO  pounds  of  water  from 
40'  F.  to  212°  F.? 

7.  Find  how  many  calories  there  are  in  1  B.T.U.  (1  pound  =  453.6 
irrains). 

145.  Capacity  for  Heat.  By  our  (lefiuition,  it  takes  1 
calorie  of  heat  to  raise  by  1  CV-nt.  ilecrrec  the  temperature  of 
i  ^n-ain  of  water.  If  we  raised  tiie  teniperaturo  of  1  crrain  <)f 
tinpeiitine,  or  mercury  or  iron  hy  1  dej^ree,  would  it  reiiuire 
MS  niuch  heat  ?     We  can  te.st  it  hy  experiment. 


^•-- ..  -i..,..^!-,^!. .- Auit  J 
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Take  two  similar  sninll  heakers.  In  (nio  place  IOC)  jiranis  of  water 
ami  in  f  lie  other  KM)  uraiiiH  of  tiiriiciitiiu'.  Let  them  Ik.iIi  he  at  teiiijier- 
atiire  15°  ('.  Now  heat  up  pomo  water  until  its  tein|)erat»re  is  Hi>°  C, 
and  pour  KK)  jrmms  of  it  into  oath  of  the  heakers.  Stir  well  and  fake 
the  feniperatures.  We  find  the  tempeniture  of  the  water  in  25°  C  while 
that  of  the  mixed  turpentine  and   water  is  higher,  about  2U°  C. 

In  the  tirst  hoaker  the  water  whiih  was  in  it  at  tir.st  has  risen  in 
temperature  10  deg.,  and  so  it  must  have  received  KX)  x  10  1,000 
calories  of  heat.  The  warmer  water  which  was  poured  in  has  fallen  10 
degrees  in  teiuperature,  that  is,  it  has  j,'iv(n  uji  100  x  10  1.000  calories. 
This,  of  course  wa.s  given  to  the  cooler  water.  What  one  received,  the 
other  gave  up. 

In  the  secfind  beaker,  however,  the  warm  water  is  now  at  20'  C,  that 
is  it  has  fallt  ii  0  de^'.,  and  hence  has  given  out  100  x  (>  ---  «KX)  calories  of 
heat.  Rut  this  amount  of  heat  has  raised  the  temperature  of  the  100 
grams  of  turpentine  14  de;,'rees.  We  conclude  thin  tliat  turi)entine  does 
not  recpiire  as  nuich  heat  to  raise  it  thruu;,'h  1  deg.  as  an  e«|ual  mass^)f 
water  does  ;  or  its  capacity  for  heat  is  not  so  great  as  that  of  water. 

In  onler  to  illu.strate   this  inattiT  Htill   further  let  us  try 
another  experiment. 

Heat  eijual  masses  (say  50  grams)  of  watir,  mercury  and  iron  (tacks) 
to  the  same  temjierature  by  placing  them  in  separate 
test-tubes  immersed  in  a  bath  of  boiling  water  (Fig. 
153).  Now  provide  three  beakers  containing  e(iual 
masses  (say  100  grams)  of  water  at  the  temperature  of 
the  room,  and  jHiur  the  hot  water  into  the  first,  the 
iron  into  the  second,  an<l  the  mercurj'  into  the  third. 
After  .stirring,  take  the  temperature  in  each  case.  The 
temperatures  are  ipiite  different,  the  .vater  in  the  first 
being  the  hottest,  and  the  contents  of  the  third  being 
the  coldest. 


Fio.  153.— The  hratini; 
o(  equal  masgeg  of 
different  Hulmlancea 
to  the  same  tein|>era- 
ture  in  a  water  bath. 


These  experiments  indicate  that  the  amount 
of  heat  absorbed  or  given  out  by  a  body  for  a 
given  change  in  temperature  depends  on  the 
nature  of  the  body,  as  well  as  upon  its  ma.ss  and  ehange  in 
temperature.  They  also  show  that  merctny  has  a  smaller 
capacity  for  heat  tlian  iron,  and  iron  a  smaller  capacity  than 
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water      In.loo.l,  it  is  foui.l  that  wut.r  has  a  -roab-r  cai«icity 
|„rl„.attha.iany  ..tluT  onlinarv  suhstann-  .x.q.t  hydn.-.n. 
146    Consequence  of  the   High  Capacity  of  Water  for 
Heat.     The  facts,  that  wat.r  has  surh  a  -nat  capacMty     or 
h..Ht  an.l  that  it  is  so  ^vi.^■ly  spn-a.l  ovr  th.  surlao-  of  th. 
..„-th,an-of  v.-ry  j^reat  i.nportanc.  to  ...any  ot  .ts  •■;»>='^"t-'^^ 
For  exa.ni.hs  co..si.h-r  a  ht...l  arm  s..rn)U...h..l  hy  a  lar^.-  »kk  j 
„f  water.     Now  it  re.juiros  four  or  five  tiiu.s  as  ,....ch  hoat  to 
,aise  a  <nv...i  ,..a.ss  of  water  o.ie  .l.-roe  as  to  ra.se  a.,  onual 
,„a.s  oF  ordi..a,y   earth.     He..ce.  the   water   heats  up   ...uch 
,.,.„.e   slowly   tha.i   the  la,..l   a...l   so  remains  cooU-r   thau   ,t. 
The    lan.l    b..i..K   surrou..ae.l    hy    c(h.1    water.    ,s   itst^f  u.acle 
co..ler  \n  the  s,....mcT.     In  the  wi..tor,  o..  the  other  han.l.  ,us 
the  land  cr^ls  .low.,  the  water  g.a.hially  ^.ve    up  .ts  store  a..d 
keeps  the  te...perature  of  the  land  fro...  fall...-  too  low. 

Thus  the  presence  of  -reat  lunlies  of  water  ^nves  to  the 
,H.i.hlM.nri..K  hi..d  a  ,..o.-..  equable  te,..pe.-atu,-e-.t  does  ..ot 
vis" so  hi-h  h.  the  su.niner  nor  fall  so  low  in  the  w...te,-. 

147.  Specific  Heat.  Ui  us  return  to  our  experi...e..t  i.. 
whieh  we  n.ixeJ  turpentine  and  water. 

We  fou,..l  that  100  -ra.ns  of  water  fell  in  ten.pe.-ature  from 
:>,.V  to  29^  C,  that  is.  throucjh  9  decrees,  a..d  it  therefore  t,mve 
out  cm  calories  of  heat.  This  was  received  by  the  100  ,ran.s 
of  t...pe..ti..e  which  thereby  had  its  teu.perature  .-a.sed  f.-om 
15  to  29'  C,  that  is,  through  U  degrees.  Then  we  have  the 
followh.g  relation : 

To  raise  100  grams  of  turpentine  through  14  dog.  requires  GOO  cal 
To  raise       1  gra.u  of  turpentine  through  U  cleg,  re.pures      b  ca  . 
To  raise      1  gram  of  turpentine  through    1  (leg.  re<iu.res  , ,  -  ^  cal. 
Now,  to  raise  1  gram  of  water  through  1  degree  of  te..4>er- 
.ture  requires  1  calorie.     He..ee,  to  raise  1  gra...  of  turix-'ntn  e 
through  1  degree   re.,uires    ^  as   n.uch   heat  as   .s  required  to 
raise  1  gram  of  water.     It  is  also  evident  that  to  ra.se  a  g.ven 
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iii.iss.,f  turitcntino  tJiioii^'h  jiny  ihjuiJmt  of  (lc;,Me.s  r.-(|iiiii',s  2 
as  iiiufh  hcut  as  to  raise  an  .•i|n.il  imiss  <.f  \vat<T  throu;,^!!  (lie 
Haiin-  ii;iiiil(fr  uC  »lc;,ri-,.(s. 

Tlir  iiijinh.r  ^  i.ssiiiil  lo  Im«  il„.  si'DiKlc  HEAT  of  turpentine. 

'I'lio  sixcilic  lu-jitof  iron  is  0.1  1  ;  tliat  is,  to  rais.-  tin-  ttiiii..r- 
atiire  of  a  ^'iv.-n  mass  of  in.ii  an}-  nunib.-r  of  (Irj^rcvs  rr(|uireH 
i'„'„  as  niucli  licat  as  to  raise  tin-  saiiif  mass  of  water  tlinjiK'h 
the  same  numlMi-  of  (i<'^ri-,.(.s. 

Tile  sprcific  hcjit  of  mercury  is  0.03  ;  of  aluminium,  0.21  :  of 
lea-i,  ().();{ :  of  coj)p,-r,  0.0:»  :  of  coal  nil,  ().().-,. 

148.  How  to  find  Specific  Heat.  We  can  find  the  speciHc 
heat  of  most  suhstances  l.y  a  m.th...I  similar  to  that  (h'.scrihc.l 
in  section  144.  It  is  calie.l  the  method  of  mi.xfure.  Supp.-se 
we  wish  to  lin.I  the  specific  heat  of  lead.  We  can  do  it  in  the 
followinj;  way : 

T.ikc  »  <lt;liiiito  mass  of  lead  sln.t  aii<l  wi-ij.;]!  if.  Let  it  J.e  2r>0  jjraiiw. 
Now  pl;ice  it  ill  a  test-tul)e  and  heat  it  in  tlio  steam 
coiiiiiii,'  from  boiliiijf  water  as  shown  in  Fig.  154.  The 
teinpcrature  will  he  lOO"  C. 

Next  place  100  grains  of  water  at  the  temperature 
of  the  room  -.s.iy  2(t°  C.  -  in  a  l>eaker  and  surround  it 
with  Wool  or  l)attiiig  to  keep  the  heat  from  e.seaping. 

Pour  the  .shot  into  the  w.iter,  stir  it  alioiit  and 
t.iko  the  temperature  of  water  and  shot.  Let  it  Imj 
2t;°  C. 

Now,  heat  lost  by  the  shot  =  heat  gained  by  the 
water. 

Hut  there  were  100  jjranis  of  water  which  rose 
from   20°  C.    to  2(i°  C,   that  is,  throu-h   (!  degrees. 
Hence  heat  gained  by  water  =  I00x(;  =  600  cahirie.s. 
.-\n<l  there  wore  250  grams  of  had.  which  fell  from  100°  C.  to  2(;''  C, 
that  is,  tiirough  74  degrees.     Tlence  we  can  .say 

250  grams  of  lead  in  f.illing  74  deg.  I  .-os  iAM  cal.  of  heat, 
aiu!  250  II        II  M        ]     ,, 

and      I  II         M  ,,        1     ,, 
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and  the  specific  heat  of  lead  is  0.03. 
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PROBLEMS 

1  Fii.atheniiin»K,.rof  calorios  ..f  h.-at  nqmvv,\  t- nu-  l.r^H)  u-ainH 
„,-  Wd  •JO.lo«reuH  ia  teinl-erature,  takin-  th«  sponli.  1..  ut  ..f  I.  a.t  u.s  u  0... 

....  If  tl.o  s,„cif,c  ]h-.M  ..f  .ntTcury  is  0.0:i.  fm.l  tl,.-  ,um.„n.  nf  luiit 
jn.n  ...It  ».y  1,0(K)  grains  ..f  i.aTcury  in  CH-ling  from  '-".tU   «'.  to  *J0    C  . 

3  FiiKl  tl.e  iiuinU-r  -f  cvl-ricH  ..f  l.eat  rrM"«'n-.l  t-  raise-  the  ti-mponi- 
,uro  of  m)  grams  of  ulcl.ol.  of  which  the  spcclio  heat  ih  V.U'2,  from 
/,  ic  to  its  boiling  point  TS"  «'. 

4.  Which  l>a.  the  grca-ur  capacity  for  heat,  .^i  grams  of  mercury 
(spocilic  licat  0.0;i),  or  'J  grams  of  water  ? 

5.  To  raise  the  temperature  of  r..5gran.s..f  copper  hy  1  .legroe  re.,uire» 
:.  I!  calories.     What  is  the  specific  heat  of  copper  J 

r,.  It  re-iuires  902  calories  of  heat  t..  warm  i:'.0  grams  of  purathn  wax 
frum  0"  C.  to  10°  C.      What  is  the  sp.  citic  heat  of  the  wax  ( 

7  Into  120gran.8of  water,  at  a  temperature  of  (»=  C,  ir^>  ^' '-';-« -^ 
mercury,  at  80»C.,are  poure.l,  n.ul  the  rt-Bulting  temperature  w^.i  C. 
Find  the  8i)ecific  heat  of  mercury. 
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CnA\(;i;  <ii   .Si ATK— Solids  am»  Liyiins 

149.  Fusion.  \\'>-  Imvc  all  Mt(i  tin-  siuiii'  siihstaiu'f  iti  its 
•lid'tTfiit  fDiiiis,  soli<l,  li.|ui<l,;,Ms.  Watrr  is  til.-  iii..st  I'uiiiiliiir 
of  ill],  aii<l    we  can  nlwlv  its   b.,havii.ur  best    li\'   iiifans  (»f  a 

.Sllll|i|c    «XJ)»'I  lllicllt. 

<»n  .i  wiiittT  iliy  wlieii  tlio  tL-iM|»Lr.iHi!e  (iiit-<if  (l<«»rs  is,  say,  -10"  C. 
(or  14'  F. )  I. leak  int.)  small  [.irc-s  s..iiu!  i.-e  wliu-!i  lias  l.ot'il  oiilsi.le  for 
8..mo   time  aii.l  lill   a   vcssvl    «itli   it.     Tost    it    witli  a  tlitinioineter  ;  it 

N.>«  l.iiii- it  iiisid.' and  a[.iily  a  ^uiitlo  lioat,  keq.in-  ll.t;  fni-mentu 
i.f  ice  well  mixed  tu^'ether  and  eoiitiiiually  testing'  wiili  tlie  llieriiionieter. 
The  temperature  giadually  rises  to  0  C.  wiieio  it  halls  and  the  ice  he^'ins 
to  mtdt.  Keep  ,<i\  iieatini,'  and  Htiriin.^  the  cnnteiits.  Tli.,iii,'h  heat  is 
l)eiM^'  applied  coMliniially  there  a  im  rise  in  temi-eratme  as  h.ng  :i.s  there 
is  any  ice  left.  When  the  last  l)it  ha.s  di.sappearud  the  ico  has  all  been 
changed  into  water  antl  it.s  temperature  is  0°  C. 

If  heat  is  applied  further  the  temperature  ..f  the  water  rises  until  it 
reaches  the  huilint;  point.     We  shall  study  this  in  the  next  chapter. 

The  chan^o  fn.m  th,-  soli.l  to  tlie  li<nii(l  .state  by  means  of 
heat  i,s  called  fitsi,,))  or  miltinif.  nm]  the  temperature  at  which 
fuHion  takes  place  is  called  the  iiultiiKj  puinf. 

Otlier  crystalline  substances,  for  example,  cast-iron,  lead, 
platiiuim,  behave  like  ice.  Each  melts  at  its  own  definite 
temperature.  On  the  other  hand,  jimorplious  substances,  such 
as  wax,  1,'lass,  \vroui,rht-iron,  liave  no  sliarply-.lefined  melting- 
point.  As  they  ar.>  heated  they  soften  and  become  plastic. 
Vov  this  reason  },dass  can  be  blown  and  wrought-irou  can  be 
forged  and  welded. 

150.  Solidification.  As  a  substance  is  cooled  down  it  usually 
pa.s.ses  through  the  same  state  as  when  heate.l  but  in  the 
reverse  order.     If  wtiter  is  cooled  its  temperature  gradually 
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falls  until  it   mu-li.-s  0    ('.  :ui<'   tlu-ro  it   hta\-<  if  it   is  k.-pt 
-iin..l  until  th.-  watrr  is  all  tur..v<l  into  ico.     Aft.T  that  the 

iiiiilMratian-  lK'i,'ins  \<<  tail. 

151.  Change  of  Volume  in  Fusion.  Most  sul^stanoes  shrink 
in  voliniu-  on  passin:,'  Iruiii  tlw  li.|ui.l  to  th.-  soli-l  stut.-.  IVr- 
haps  y.ai  havi- nolicv.l  that  wl.rn  a  Ik.wI  of  l.ml  <.r  .Irippin^ 
l„n.infs  H<.li.l  th.'  surfan-  is  hnllowrd  at  th.'  n.itMI.-.  Also, 
\slnn  panitlin  wax  is  h.in;;  nnlt.-l  the  soli.l  wax  dues  not  Hoat 
,,M  t.-p  ])ut  sinks  to  the  i)otloni  of  the  li.piid. 

A  few  suhstanoes,  how.-ver,  Kehave  in  th.'  opiK>site  way. 
|,v.  hisiuuih,  antimony  and  east-iron  are  .-xaniples.  These 
lluat  on  th.'  surface  of  the  li'iui.l  as  tln-y  are  U-iw^  ni.'lted. 
I'lie  fxpansive  force  exert.-l  hy  i''''  on  fn'-'zin;;  is  well 
known.  The  e.irth  is  nph.-avrd  and  rocks  an;  hrok.-n  up. 
whil-  v.-ss.-is  and  pip.'S  which  contain  wat.r  an-  hurst  hy  the 
iiust.  Antimony  is  a.lhd  to  lead  and  tin  to  make  typ.'-nietal, 
l>..eaus.!  the  alloy  thus  form.-.!  expands  wh.'U  it  soli.lifies  ami 
-.MS  into  every  little  corner  of  the  ni.)uld.  (Jold,  silver  and 
e,,i,p.T  .lo  not 'expand  uii  bcconiin-r  solid  and  .so  we  have  to 
stamp  our  coin.s. 

152.  Influence  of  Pressure  on  the  Melting  Point.  A 
simple  and  inten,'stin<,'  oxp.'riment  showinjj  the  etr.'ct  of 
pressure  on  the  meltinj;  point  is  the  foliowin.,': 

Rest  .-i  slab  of  icj  on  two  supi.-Tts  aii<l  encircle-  it  with  n.  fine  wire 
(thin  steel  wire  is  suitjil)le)  from  whiih  han!,'B  ft 

heavy  weight  (Fig.  155).     In  an  hour  ..r  two  the 

wire  will  cut  its  way  through  the  ice,   hut  the 

Mock   will   not   he   sejiarate.l   into  two  iiieces. 

Indeed,  if  you  try  to  break  it,  it  will  probably 

net  l)re;ik  where  the  wire  went  through. 

Now   why  does   it   behave    thus  ?      When 

exposed  to  the  ordinary  .itnioapheric  pres.sure 

water  turns  into  ice  al  0'  C  ,  aii.i  in  doing  no 

It  expand.s.     Suppose  now  we  cnipletely  fill  a 

very  strong  ve9.sel,  close  it  securely  and  then  cjoI  it  down.     If  it  cannot 
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exiiaiid  it  cirinot  turn  into  ice,  and  if  it  be  CDuled  down  to  a  very  low 
teinporature  tho  vessel  must  be  extraordinarily  strong  or  it  will  be  burst. 
Next  suppose  wu  put  some  ice  in  a  vessel  and  exert  a  very  great 
pressure  on  it.  If  tlio  compres.sion  is  great  enough  the  ico  will  bo 
Ripieezed  into  ;v  smaller  sjacu  and  it  will  become  water.  If  the  pressure 
is  removed  it  will  promptly  become  i<.e  U'^'ain. 

This  is  just  what  happens  in  the  exi)eriment  just  described.  Under 
the  pressure  of  the  wire  tho  ico  melts.  l)ut  the  water  thus  formed  is  Ijehtw 
tho  ordinary  freezing  point.  Hence,  when  it  flows  alM)ve  tho  wire  it 
immediately  freezes  and  firmly  unites  the  two  portion  of  the  ice  again. 

When  snow  is  at  a  temi>erature  just  below  its  melting-point  it 
"packs"  well.  On  forming  a  snowball,  the  additional  pressure  •>£  the 
hands  causes  some  of  it  to  melt,  and  when  the  pressure  is  removed  that 
portion  freezes  and  Ujukes  the  ball  hard. 

Two  pieces  of  ice  are  floating  on  the  surface  of  water.  On  i)re88ing 
them  together  they  melt  slightly  at  tlie  point  of  contact,  and  on  removing 
the  pressure  they  freeze  together  there. 

153.  Heat  Used  up  in  Melting.  Let  us  ^o  hiu-k  to  the 
first  oxperinioiit  in  tlii.s  chapter.  We  applied  heat  to  ice  which 
at  lirst  was  at  —  10"  C  Its  temperature  p-aduiilly  rose  until 
the  melting  point,  0  C,  was  reached,  no  ice  Iminr  melted 
diirin<f  tliis  time.  Then  the  meltin;,'  be<,'an  and  thou<,di  con- 
siderable heat  was  api)Iied  its  temperature  remained  steadily 
at  0  C  until  every  bit  of  ice  was  tiunied  to  water. 

Wliat  has  Itecome  of  tlie  heat  applied  dinini,'  this  time  ?  it 
cannot  be  <letected  by  the  thermometer.  It  appears  to  have 
become  hidden  in  the  substance  and  .so  it  is  often  called  latcyit 
heat. 

T.ie  lieat  is  used  up  in  me]tin<j  the  ice,  and  tlie  more  ice 
there  is  the  <rreater  is  the  amount  of  heat  needed  to  melt  it. 

Some  (jlhei-  eiystalline  substances  behave  like  ice  For 
example,  lead  is  ordinarily  a  solid.  On  applyinj;  heat  its 
temperature  rises  until  it  reaches  :}2(i  C.  ami  there  it  stavs 
until  the  lead  has  all  become  litjuid,  after  which  it  begins  to 
rise  agiiin. 
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154.  To  Find  the  Heat  of  Fusion  of  Ice.     Lei  us  try  to 

tiii'l  out  how  umny  calories  oi  heat  are  recjuired  to  melt  a  <frrtiu 
uf  ice. 

Exercise  1.  Place  a  qu.intity  (say  2(H)  .grains)  <>f  icu  broken  in  small 
piccis.  in  a  niotal  vessel  or  in  a  beaker  ami  put  over  a  burner.  Keep  the 
i  .!  stirre<l  and  note  how  long  it  takes  to  melt  it.  Suppose  it  takes  5 
uiinute.s.     The  ice  has  been  changed  into  water  which  i.s  at  0°  C. 

Now  continue  to  apply  the  heat  for  the  same  length  of  time,  tliat  is 
;■»  minutes,  more,  and  observe  how  high  the  temperature  rises.  It  will  Imj 
about  HO"  C.  Hence,  we  see  that  to  nielt  some  ice  re(piires  as  much  heat 
as  would  raise  the  temperature  of  the  water  which  comes  from  it  80 
dt'_'iees.  lUit  to  raise  tlie  temjierature  of  1  gram  of  water  from  0°C.  to 
SO'C,  re<iuire.».  80  calories.  This  then  is  the  amount  of  heat  recjuired  to 
melt  1  gram  of  ice  which  is  at  the  melting  p<iint. 

The  hrnt  of  fusion  of  ice  is  8i»  calories  per  ^rain. 

Exercise  2.  Heat  500  gran\s  of  water  np  to  (my)  30'  C,  and  then 
take  (s.iy)  110  grams  of  finely  broken  ice  and  drop  it  into  the  water. 
Stir  it  al)out  until  all  the  ice  is  melted,  and  then  t.iko  the  temperature. 
Let  it  be  10'  C. 

Now  consider  just  what  happened  here.  The  500  grams  of  water 
was  cooled  from  30'  C.  to  10'  C,  that  is,  through  20  degrees.  It  must 
h  ive  given  up  500  x  20  =  10,000  calories  of  heat. 

This  heat  first  of  all  melted  the  ice,  that  is,  it  turned  it  from  ice  at 
0'  C.  to  water  at  0'  C.  After  that  the  temperature  of  the  water  thus 
formed  was  raised  from  0°  C.  to  10"  C,  or  through  10  degrees  ;  and  to 
do  this  reijuired  110  x   10  =  1,100  calories  of  heat. 

We  see,  then,  that  of  the  10,000  calories  of  heat  given  out  by  the 
warm  water,  1,100  were  used  in  rai.sing  tlie  temperature  of  the  water 
f<iriue<l  from  the  ice,  and  the  rest,  or  8,5KK)  calories,  were  used  up  in  melting 
the  1 10  grams  of  ice. 

To  melt  110  grams  of  ice  rwpiires  8,000  calories  of  heat. 
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155.  Heat  given   out  when  Water  Freezes.     We  have 

seen  that  to  melt  1  jfrain  of  ice  80  calnrie.s  of  heiit  are  needed. 
Suppose  now  the  water  freezes  ai^aiii.  It  will  j^ive  out  just 
tills  amount  of  heat  in  dointj  so.  This  is  qui;e  a  larcje  amount 
of  heat,  and  if  mucii  water  freezes  it  gives  out  much  heat. 

1'he  formation  of  ice  tends  to  prevent  extremes  of  tempera- 
ture in  our  lake  regions.  When  the  water  freezes  in  the 
winter  this  '  latent '  1  eat  is  set  free,  and  when  the  ice  melts  in 
the  spring  and  summer  heat  is  aUsorbed  in  doing  so. 

156.  Freezing  Mixtures-  Usually  wlien  a  .solid  is  di.s.solved 
heat  is  u.sed  up  in  the  process.  When  sugar  is  put  in  tea 
heat  is  absorlxjd  and  the  tea  is  cooled. 

Exercise  1.  Take  a  beaker  of  water  at  the  temperature  of  the  room 
ami  (Inip  ■•»  liarnlfnl  of  salt  i'.  to  it.  Stir  the  mixture  with  a  thennumeter, 
and  the  tenij)erature  will  be  seen  to  fall  several  degrees. 

Exercise  2.  Put  some  water  in  a  test-tube  and  then  hold  it  and 
also  a  thermometer  in  .%  vessel  and  p.ick  around  them  alternate  layers  of 
broken  ice  (or  snow)  and  salt.  In  a  few  minutes  read  the  temperature  ; 
it  will  probably  be  aVxmt  -20°  C.  ;  and  in  a  little  while  the  water  in  the 
test-tube  will  l)e  frozen. 

A  mixture  of  ice  and  salt  is  called  a  freezinsr  mixture,  and 
the  reason  why  it  is  so  effective  is  somewhat  as  follows: 
When  .salt  and  ice  are  put  together  they  both  melt.  Just 
why  they  do  so  we  cannot  say,  but  they  appear  to  like  each 
other  and  when  mixed  will  di.ssolve  and  form  brine.  Now 
salt  in  dissolving  requires  heat,  and  when  ice  melts  it  also 
retiuires  heat — much  more  than  does  the  .salt.  They  take  this 
heat  from  anything  in  their  neighbourhood.  In  this  ca.se  they 
took  it  from  the  water  in  the  test-tube  and  it  became  ice. 

In  making  ice-cream  the  cream  is  usually  frozen  by 
surrounding  it  with  a  mixture  of  ice  and  salt. 
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PROBLEMS 

1.  Why  is  it  impossible  to  weld  together  two  pieces  of  cast-iron  7 

2.  Water  is  sometimes  placed  in  cellars  to  keep  vegetables  from 
fitH'zing.     Explain  the  action. 

3.  Why  is  a  (juantity  of  ice  at  (f  C.  more  effective  aa  a  cooling  agent 
than  the  same  mass  of  water  at  the  same  temperature  ? 

4.  If  two  pieces  of  ico  are  pressed  together  under  the  surface  of  warm 
w.iter  they  will  Iw  found  U^  be  frozen  together  on  removing  them  from 
the  water.     Account  for  this. 

5  If  we  i)our  just  enough  ctild  water  on  a  mixture  of  ammonic  chlo- 
riile  and  ammonic  nitrate  to  dissolve  them,  and  stir  the  mixture  with  a 
sm.ill  test-tube,  into  the  bottom  of  which  has  been  poured  a  little  cold 
wiiter,  the  water  in  the  tube  will  be  frozen.     ExpUin. 

6.  What  quantity  of  heat  is  required  to  melt  36  grams  of  ic«  at  0°  C.  1 

7.  How  much  heat  is  given  off  by  the  freezing  of  15  kgins.  of  water? 

8.  Find  the  resulting  temperature  when  40  grams  of  ice  are  dropped 
iiitij  180  grams  of  water  at  90°  0. 
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CHAPTER   XXIV 

CuAXOE  OF  State— Liguins  and  Vapours 

157.  Boiling  and  the  Boiling  Point.  In  ilu'  last  chapter 
the  chaiif^e  of  a  solid  into  a  lifpiid  was  studied, 
and  in  this  one  we  shall  cunsidcr  anotlier 
chan^'e,  namely,  of  the  liquid  into  a  vapour. 

Exercise.  Over  li  burner  place  water  in  a  flask 
throuiih  the  stopjier  of  which  pass  a  thernioineter  and 
a  glass  tube  (Fig.  Ii5«i),  and  carefully  watch  the 
thermometer.  As  the  heat  is  applied  the  temperature 
Kfeadily  ri.ses  until  alx.ut  100°  C.  is  reached.  This  is 
the  boiling  point,  and  no  matter  how  much  heat  you 
supply  the  tem[)eraturo  will  not  rise  above  this. 

On  looking  closely,  however,  you  will  see  bubbles 
forming  at  tlie  bottom,  ri.-'ing  through  the  liipiid  and 
Fio.  I6fl.-Deterniina-    ^'Ui^'"'!;  ^t  the  surface.     If  you  keep  on  applying  tiie 
TOmt°of  a""?!.  !lili''"''    beat  the  water  "boils  away."  It  turns  into  vapour  and 
disappears  in  the  iiir. 

158.  EflFect  of  Pressure  on  the  Boiling  Point.  The  boilincr 
point  of  water  U'\Ier  ordinary  circumstances  is  about  100° 
C,  hut  it  depends  on    the   pressure 

upon   the   .surface  of  the  water,  as 
we  can  easily  prove  by  e.xperiment. 

Exercise  1.  Remove  the  short  tube 
shown  in  Fig.  157,  and  in  its  place  put  n 
tube  bent,  as  .-shiwu  in  Fig.  157,  ime  end 
being  l»elow  the  surface  of  the  water  in  a 
near-by  veasel.  In  this  ca.se  the  vapour 
from  the  boiling  water  cannot  escape 
directly  into  the  air,  but  has  to  j)ush  its 
way  through  the  water.  Hence  the 
pressure  on  the  surface  of  the  water  in 
the  flask  is  somewhat  increased.  Look  at 
tiio  thermometer.  The  boiling  jioint  is 
higher  now.     If  mercury  were  used  in  the 

veiisel  in  place  of  the  water,  the  change  in  the  boiling  point  would  be 
greater  still.  uo 


Pio.   167— Boiling  point  of  a  liquid 
raised  by  means  of  preoture. 
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Kio.  l.'ig.  — lloilinfc  point  of  » 
lii|uici  lowered  liy  decreaae 
of  preuture. 


Exercise  2.  Half-fill  a  tlask  with  water  »ik1  hoil  for  a  iniimte  or  two 
in  order  that  the  escaping  steiini  may  carry  out  the  air.  While  the  water 
is  boiling  rcmDve  the  flame,  anil  at  the  same 
instant  close  the  flask  with  a  stopper.  Invert 
tlie  tta.sk  and  support  it  on  a  retort  stand 
(Fiij.  158),  and  pour  cold  water  over  the 
ttiisk.  The  temperature  of  the  water  in  the 
tt;i.sk  is  below  100"  C,  hut  it  hoils  vigorously. 

The  action  is  explained  as  follows  : — The 
chilling  of  the  flask  condenses  the  vapour 
within,  and  thus  reduces  the  pressure  on  the 
surface  of  the  water.  The  water,  relieved  of 
this  pressure,  hoils  at  a  lower  temperature. 
If  we  disc(mtinuo  the  cooling  and  allow  the 
vapour  to  accumulate  and  the  pressure  to 
increase,  the  lM)iling  ceases.  The  i>roce88 
may  he  rejjcated  several  times.  In  fact,  if 
care  is  taken  in  expelling  the  air  at  the 
heginninu',  the  water  may  he  made  to  hoil 
even  when  the  temperature  is  reduced  to  that  of  the  rcH)ni. 

Since  the  boiliii*,'  point  is  dependent  on  atniosplieric  pre.s.surc, 
;i  liquid  in  an  open  ve.ssel  will  Ix^il  at  lower  temperatures  as 
the  elevation  al)Ove  tlie  sea-level  increases.  The  decrease  is 
roufrhly  1'  C.  for  an  increase  in  elevation  of  29'i  metres  (  =  901 
tVi't).  The  lx)ilin^  point  of  water  at  the  sunuiiit  of  Mont 
Blanc  (lo,7«l  feet)  is  about  85'  C.  and  at  Quito  (9,520  feet), 
the  highest  city  in  the  world,  it  is  90   C. 

In  such  high  altitudes  the  lK)iling  point  of  water  is  below 
the  temperature  re(iuire(l  for  co<jking  many  kin<ls  of  fo<Hl, 
and  artificial  means  of  raising  the  temperature  liave  to  he 
resorted  to,  such  as  cooking  in  brine  instead  of  pure  water,  or 
usinf  closed  vessels  with  safety  devices  to  prevent  explosions. 
Sometimes  longer  boiling  is  all  that  Is  recjuired. 

159.  Boiling  Points  of  Different  Liquids.  Each  liquid  has 
its  own  Ixjiling  point.  For  methyl  alcohol  it  is  GO,  for  nitric 
acid  86,  sulphuric  acid  338,  and  so  on.     For  oils  it  is  usually 
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much  lii^'her  than  for  waU'r,  and  ht-nce  a  .spatter  of  boilinjr 
|,TOJi.so  hums  more  than  a  (h-op  of  Ijoilintr  water.  The 
adilition  of  a  .salt  to  water  makes  its  lx)ilin<j  point  higher,  as 
can  be  tested  as  follows  : 

Exercise.    Effect  of  Salt  on  the  Boiling  Point  of  Water.    Use 

an    ftrnuineineiit    like    th.vt    sliown    in     Fig.    159.      The    fljisk    should 

luivo  a  ciipftcity  of  ahoiit  ;J00  c.c,  and  })e  about 
Imlf-fiill  of  water.  If  an  ordinary  flask  is  used 
two  hulcs  shoidd  be  bored  tlirough  the  cork,  one 
for  the  iliornionater,  the  other  for  ii  glii.s8  tube. 
Heat  the  flask  carefully,  jirotecting  it  from 
the  flame  by  wire  gauze,  until  the  water  boils. 
First  have  the  thernionieter  bull)  in  the  steam 
above  the  water.  Wh.it  teinpirature  does  it 
sliuw  ?  Let  it  boil  for  a  few  minutes  ;  does  the 
ti  niiierature  change  '/  Then  pusli  the  bulb  down 
into  the  water.  What  is  the  teniiterature  ?  Does 
it  remain  steady  i  Next,  add  alxtut  10  grams  of 
sjiit,  and  boil.     Pl.-ice  the  bulb  in  the  solution, 

and  note  the  temperature.     Then   remove   the   thermometer,    wipe   the 

bulb,  and  replace  it  so  that  the  bulb  i.i  in   the  steam  above  the  solution. 

A-jain,  note  the  temperature.     Repeat  these  observations,  using  20  grams 

of  salt  in  the  solution. 

160.  Heat  of  Vaporization.  When  a  li(juid  is  clianged  to 
a  vapour  it  absorbs  l»eat  in  doing  so,  but  as  the  thermometer 
does  not  .show  any  change  in  temperature,  this  lieat  is  also 
called  liitfiit.  The  more  li(iuid  turned  into  vapour,  tlie  greater 
is  the  amount  of  heat  needed  to  do  it. 

TIic  amount  of  hcut  nquhnl  to  chtniffi'  otie  (/rain  of  a 
liquid  info  ii,  vojioitr  irifhoiit  chotKjitHj  ilx  temperature  is 
called  its  IIE.VT  OF  VArORlZATlOX. 

By  means  of  tlie  following  experiment  we  can  find  roughly 
the  heat  of  vaporization  of  water,  or  the  latent  heat  of  steam, 
txs  it  is  often  called. 


Klu.  1.19.— KindiriK  the  lioil- 
iug  point  of  a  salt  solution. 
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Put  snow  or  broken  ioo  in  some  water  and  kt  it  stand  tnitil  the 
temiK-THturo  has  fallen  to  0' C.  P.-nr  a  (luantity  of  the  natt-r  (say  100 
.'i  iinB;  into  a  vessel  and  i)Ut  it  over  a  tlaine.  Note  the  time  and  see  how 
lnn!,'it  tiikeato  hiing  the  wat.r  to  the  lM)iliiij;  jHiint,  that  is,  to  raise  its 
niiri>erature  from  0°  C.  to  100°  C.  SupiK)so  the  titne  re<;iiired  is  6 
minutes. 

Keep  on  heating  until  the  watt'r  has  "l.oiled  away,"  tliat  is,  turned 
into  vapour,  and  observe  how  loir^'  it  has  taken  to  do  this.  It  will 
l.rohahly  l)e  between  25  and  'M  minutes,  that  is,  lietween  .".  and  (J  time* 
;iH  long  as  to  heat  it  to  100'  C. 

Now  to  raise  1  t,'ram  oi  water  from  0"  C.  to  100'  C.  recniires 
100  calorics  of  heat,  and  hence  to  turn  it  into  vapour  lias 
taken  lx.'tween  500  an<l  GOO  calories. 

The  true  value  of  the  heat  of  vaporization  of  water  cannot 
he  measured  in  this  simple  way  ;  but  b}'  other  means  it  haa 
Ikcu  found  to  Ix)  5'H)  calories. 

161.  Heat  given  up  on  Condensation.  As  we  have  just 
seen,  to  vaporize  1  gram  of  water  re(|uircs  the  comparatively 
large  amount  of  53G  calories  of  heat.  What  hai)pens,  now, 
when  the  vapour  turns  into  water  again  ?  Each  gram  of  it 
gives  up  this  siime  amoiuit  of  heat.  We  see  then  why  a  house 
Fs  warmed  when  steam  is  forced  into  pii>os  placed  alxmt  it. 
The  steam  condenses  and  gives  out  the  lieat  of  vaporization. 

It  is  also  easy  to  see  how  warm  moisture-latlen  winds  can 
change  the  temperature  of  a  cotnitry.  When  the  moisture 
c<>n<Jenses  it  gives  out  great  stores  of  heat.  Were  it  not  for 
this  Great  Britain  would  hardly  l>e  habitable. 

PROBLEMS 

1.  The  singing  of  a  tea  kettle  just  before  Iwiling  is  said  to  \>o  duo  to 
the  collapse  ofUie  first  bubbles  formed  in  their  upward  motion  through 
the  water.     Explain  the  cause  of  the  collap.sc  of  these  bubbles. 

2.  When  wat<?r  i«  boiling  in  a  doo!>  vc-s.d  the  bubbles  of  vapour  are 
observed  to  increase  in  size  as  they  approach  the  surface  of  the  water. 
Give  a  reason  for  thia. 
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."!.   Why  is  il  iiocus.i;iry  U>  t.iko  into  Hcc.imt  tho  |>r.'8suru  of  tlio  ;iir  in 
lixiii'^  »iie  hoiliii'^'  ix.int  of  n  tliciinoiiietor  / 

4.  How  imich  il.  ;it  will  1h;  n(iuire<l  to  v.-ipori/.o  li7  grams  of  wntcr? 

r».   How  in.itiy  c.iloriis  of  hu.it  are  set  freo  in  tlie  condensation  of  340 
grams  of  Kteam  at  100'  C.  into  water  at  100°  C.  ? 

0.   How  much  heat  is  reiiiiircd  to  raise  45  grams  of  water  froni  16"  C. 
to  the  boiling  point  ami  convert  it  into  steam  ? 

7.   H..W  much  heat  is  given  up  in  the  chango  of  .'MJo  grams   of  steam 
at  100   to  water  at  4   V.  I 

162.  Evaporation  at  all  Temperatures.  But  a  )i(iuid  does 
not  Ijiive  )  l)oil  in  order  to  j);iss  into  vapour.  Water  in  a 
.shallow  vesHi'l  when  exponed  to  a  dry  atmosphere,  <,'radualiy 
disappears.  It  is  .said  to  eraportitr.  In  this  ca.se,  however,  the 
vaporizinj,'  takes  place  only  at  the  sui  face  of  the  li.juid,  while 
in  Ixjilin;,'  vapour  is  prcnhiced  throu<rh()Ut  the  nia.s,s. 

The  rate  of  evaporation  depends  on  the  nature  of  the  liipiid. 
Ether  or  <,'a.soline  di.sappear  rapidly,  alcohol  not  so  ([uickly, 
thouirh  UKjre  so  than  water.  Liquids  which  evaporate  rapidly 
are  said  to  be  volatile. 

Evaporation  is  ha.stened  if  the  temperature  is  raised,  and 
also  if  a  current  of  air  hhjws  over  the  surface,  carryin<r  away 
the  vapour  as  it  is  formed. 

163.  Cold  by  Evaporation.  As  just  remarked,  ether 
evaporates  rapidly.  Pour  a  little  into  the  hand ;  it  is  soon 
^fone,  and  the  hand  is  made  cold.  Hathin«,'  the  forehead  or 
other  part  of  the  hody  has  a  .sinular  effect.  Il  cjuickly 
evaporates  antl  has  a  coolini;  effect.  To  produce  eva|)oration 
heat  is  recpiired,  and  in  the.se  cases  the  heat  is  taken  from 
that  part  of  the  hody  to  which  the  volatile  litjuid  is  applied. 
Sprinklinjf  the  floor  in  sunnner  cools  a  room  for  the  sjvme 
recLson.  It  is  very  noticeable,  loo,  that  wet  ijarments  are  cold, 
especially  if  drying  on  a  windy  day.     In  inakin<,'  artificial  ice 
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.Mincol.l  Htoraj^o  plants,  evaporation  is  pnuluceil  <.n  a  laifje 
sc.ilf  and  the  coolinj;  is  thus  etr.-cted. 

164.  Water  Vapour  in  the  Air ;  Dew  Point.  Evaporation 
is  constantly  takinj:  place  from  water  at  the  surface  of  the 
...nth,  and  conse-iuently  the  atmosphere  always  contains  more 
nv  less  water  vapour.  Let  us  try  the  folh.winj;  experiment, 
which,  however,  is  performed  most  ea-sily  in  the  sununer  time. 
Exercise.  Half-fill  with  tap  water  a  thin  iH)li8hea  metal  cup  -nickel- 
I.larea  hr.xm,  ahuuiniuni  or  l.ri-ht  t>n  will  do.  Keep  dropping  mnall 
pieces  ,.f  ice  in,  stirring  well  all  tiie  time,  until  n.oist.ire  in  si-en  to  gather 
,,„  the  outside.  Then  take  the  temperature  with  a  good  thermometer. 
In  doin-  this  exiM-rinient  he  careful  not  to  hreathe  on  the  cup. 

Next  pour  in  small  .i-iantities  of  water  at  the  temjK.-rature  of  the 
roou.  until  the  moisture  hegins  to  disappear  and  then  tike  the  t^-'»!'»^ra- 
ture  again.  Take  the  average  of  these  two  temperatures.  It  w  called 
tlie  ili-ir-point. 

As  has  been  stated,  the  atmosphere  always  contains  some 
water-vaix)ur.  and  the  amount  it  can  contain  depends  upon 
the  temperature.  The  luKher  the  temperature,  the  n.ore 
vapour  the  air  can  hold.  When  a  certain  space  has  in  it  all 
the  vapour  it  can  hold  it  is  stiid  to  be  mtaruUd.  If  you  force 
,u..re  vapour  in,  some  of  that  already  there  will  condense  back 
into  water. 

Tn  the  experiment  the  temperature  of  the  air  close  to  the 
metal  cup  was  continually  lowered  until  at  last  a  temperature 
wii.s  reached  when  the  vapour  ])resent  .saturated  it,  and  then 
with  the  slightest  fall  below  that  some  of  the  moi.sture  con- 
densed andlippcared  lus  dew  on  the  surface  of  the  cup.  As 
the  temperature  was  raised  aln^ve  this  the  moisture  di.sappeared 
and  the  metal  wivs  clear  again. 

165  Relative  Humidity.  On  some  days  we  say  the  air  is 
moist,  or  humid  or  "  sticky  "  ;  on  others,  that  it  is  dry.  It  ih 
found  that  our  sensations  do  not  depnid  n,dy  on  th.e  actual 
amount  of  vapour  present  in  the  air,  but  on  the  temperature 
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«us  well.  At  this  pmsont  inonu.nt,  perhaps,  the  air  outside 
may  l>e  raw  a...l  damp,  hut  after  having.  Wn  forced  by  a  fan 
(iver  a  series  of  Hteam-heat..d  c.ils  it  appears  in  the  lalx.ratory 
comparatively  dry.  You  n.ust  not  think  that  the  air  ha«  lost 
any  of  ,ts  vaiMJur;  hut  k-in-  at  a  higher  temi)erature  it  is 
capable  of  containing  a  great  deal  moro,  or  it  is  nmch  further 
fronj  Ix'ing  saturated. 

Now  wo  have  instruments,  called  hygro.neters.  which 
measure  the  an.ount  of  moisture  in  the  air.  If  the  amount 
preseiit  is  one-half  the  an.ount  re<,uired  to  saturate  the  air 
the  Rehttrr  Humldit;,,  or  sin.j.ly  the  UamUUty  is  said  to  be 
one-lialf,  or  50  per  cc   t.,  and  so  on. 

166.  Relation  of  Humidity  to  Health.  Humidity  has  an 
importjvnt  relation  to  health  and  comfort.  When  the  relative 
humidity  ,s  high,  a  hot  day  Ix'comes  oppressive  becau.se  the 
dampness  of  the  atmosphere  interferes  with  free  evaiK^ration 
from  the  body.  On  the  other  hand,  when  the  air  becomes 
too  dry  the  amount  of  this  evaporation  is  t<K>  great  This 
condition  very  fre.juently  prevails  in  winter  in  houses  artifi- 
cially heated.  Un.ler  normal  conditjons  the  relative  lunnidity 
should  be  from  50  to  60  per  cent. 

167.  Fog  and  Clouds.  If  the  «ir  is  chilled  below  the 
temperature  for  s^ituration,  vapour  condenses  about  dust 
particles  suspended  in  the  air.  If  this  condens^ttion  takes 
place  in  the  layers  of  air  immediately  above  the  surface  of  the 
ear  h,  we  have  a  fo<, ;  if  in  a  higher  region,  a  chnul  The 
cooling  neces.sary  for  the  formation  of  fog  is  due  to  the 
chilling  effects  of  cold  mas.ses  at  the  surface  of  the  earth-  in 
the  upper  region,  a  cloud  is  formed  when  a  layer  of  warm 
moist  air  has  its  temperature  lowered  by  its  own  expansion 
under  reduced  pressure. 

168.    Dew  and  Frost.     On  a  warm  summer  day  drops  of 
water  collect  on  the  surface  of  a  pitcher  containing  ice-water. 
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iH'caiise  the  air  in  immediate  contact  with  it  is  cliiUtHl  U-low 
tlie  (lew-i)<)i"t.  This  action  is  typical  of  what  ;,'<M'a  on  on  a 
l,iij,'e  scale  in  the  .lejM)sition  of  (hir.  After  sunset,  esp-cially 
wlien  the  sky  is  clear,  small  Ixxlies  at  the  earths  surface,  such 
as  stones,  blades  of  grass,  leaves,  cobwelw.  and  the  lik.',  cool 
more  rapid  y  than  the  surroundinj;  air.  If  their  temp-rature 
falls  below  the  teini)erature  of  sat  mat  ion.  d-w  is  deiM.sit.-d  on 
them  from  the  condensation  of  the  vapour  in  the  films  of  air 
which  envelop  them.  If  the  dew-p<jint  is  below  the  freezing- 
point  the  moisture  is  dejxwited  jus  frost. 

169.  Rain,  Snow  and  HaiL  The  little  water  jrlohules  which 
f..rm  the  ch)ud  fall  slowly  towards  the  earth.  If  they  meet 
with  coiulitions  favourable  to  vaiK)rization  they  chancje  to 
vapmr  again,  but  if  with  ctmditions  favourable  to  conden- 
Nition  they  increa.so  in  si/e,  unite,  and  fall  as  rani. 

When  the  condensation  in  the  upper  air  takes  place  at  a 
t.-mperature  below  the  freezing-i^int,  the  moisture  crysUllizes 
in  saow-^flakeH.  At  low  temperatures,  also,  va^wur  Womes 
transforme<l  into  ice  pellets  and  descends  as  hail.  Tlie  hail- 
stones u.sually  contain  a  core  of  closely  pjicked  snow  crystals, 
but  the  exact  conditions  under  which  they  are  formed  are  not 
yet  fully  under8too<l. 

170.  Distillation.    By 

the  process  of  distilla- 
tion we  cajj,  (i)  separate 
a  liquid  from  solids 
•lis.solved  in  it,  or  (ii) 
separate  ditierent  liquids 
which  are  mixed  to- 
<,'ether,  provided  they 
l)oil  at  ditierent  tempera- 
tures. 

Let  U8  place  a  solution  of  salt  in  the  vessel  A  (Fig.  160)  and  heat  it. 
The  vapour  from  it  passes  down  to  B,  being  condensed  on  the  way  by 
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Us         (;nAN<;r,  ok  sTATi:-Liyiii).s  and  vapoiiss 

llif  j,i 'ki-f  |ii|m  «:.iiim'»fiiiu'  I  'iiKl  /.'.  wliicli  is  kfpt  inl.l  l.y  « j»tt  r  ?ii,i<lo  to 
tir.iilit,.  ill  it.  I'„|,.  w.iler  will  1«.  o.llwtcl  in  // iui.l  tliu  wit  will  In;  left 
liviiiiiil  III  .1. 

Tho  Hfpiriitiuii  of  liijui.U  wliich  havo  ililTereiit  iM.ilinjf  puiiitH  ih  wt'll 
illu.it i'.-itL-( I  ill  titu  ruliiiitig  of  |iuti'i*Iuiiiii  : 

When  tho  crtiilo  oil  is  lu'iifod  in  t\  utill  the  disHolvetl  giiMcoua 
hyilrociirhons  mo  «lrivun  otl"  (irsl  ;  ihoii  follow  tlio  li;;liUT  oils,  niiplithu, 
jjasoliiu!  ami  licn/.iiR-  ;  in  turn  come  tiio  kopmino  or  Imrnin^,'  oils  ; 
and  littir  the  lic/iviifP  jjuh  iiihI  fuel  oils,  ftr.  To  ol.tiiin  a  <|iiJinfity 
of  imy  ono  constitiuMit  of  n,  niixtiirc!  in  h  relatively  jnire  st.ite,  it  is 
ni'ffiwHry  to  n-sort  u>  j,,ieti„n,a  disttll„ii„u.  Tho  fraction  of  tho  distillate 
wliich  is  known  to  contain  most  of  tin;  li.|iii<l  tlusircMl  is  re<lis(ille<l,  and  a 
fraction  of  the?  diHtiliato  agaiii  taken  for  further  distillation,  an<l  ho  on. 

QUESTIONS 

1.  Why  does  Hprinklinj,'  the  floor  have  a  cooling  etfect  on  the  air  of 
tho  room  / 

i.'.   Under  what  conditions  will  "fanning  "  cool  the  face  ? 

'X     Why  can  one  "  see  his  hrcath  "  on  a  cold  day  \ 

4.  In  eastern  countries  and  at  high  elevations  water  is  ix.ured  into 
porous  earthenware  jars  and  placed  in  a  tlraught  of  air  to  cool.  Explain 
the  cause  of  cooling  > 

:>.  Dew  does  not  usually  form  on  a  pitclicr  of  ice-water  standing  in  a 
room  on  a  cold  winter  day.     Explain. 

(i.  Why  does  a  morning  fog  fre.juently  disjippear  with  increased 
strength  of  tlie  sun's  rays  / 


V-  \t 


cnArncR  xxv 

Tkanhfkuenck  <»f   Heat 

171.  How  Heat  is  Transferred.    Tlieix-  me  thrt-e  distinct 

wavH  in  which  heiit  is  t ran. stirred  from  otic  iilucc  to  nnotlicr, 
]\Mtn'\y,\>y  c(>ii<ltictii)ii,  i'liiirffttDii  and  rinluifiini  \  and  thoru 
jin-  many  practical  apphcations  of  each.  \V<'  shall  consider 
tlie  three  methods  in  turn. 

172.  Conduction  of  Heat.  The  handle  of  a  silver  spoon 
when  you  stir  a  cup  of  tea  soon  becomes  quite  warm,  whi!'; 
if  vou  use  a  };lnss  rod  or  a  woollen  stick,  som*;  heat  reaches 
the  hand  but  so  little  that  you  hanlly  feel  it. 

Wlien  heat  is  pas.se<l  on  from  the  hotter  to  the  colder  parts 
of  the  same  Ixnly,  or  from  a  hot  bcxly  to  a  cold  one  in  contact 
with  it,  witlicnit  any  perceptible  motion  of  the  j)arts  of  the 
Ixxlies  concerned,  it  is  .said  to  Ikj  tran.smitted  by  cov  duct  inn. 

173.  Conduction  in  Solids.  The  alx)ve  examples  show 
clearly  that  solids  differ  widely  in  their  power  to  conduct 
hr.it.  Metals,  as  a  class,  may  be  considered  ijimkI  conductors, 
.iiiil  or^'anic  Ixxlies,  such  as  wool,  silk,  W(yod  an*  })oor  conduc- 
tors ;  but  these  lx)dies  diller  decidedly  amongst  theuiselvea 
We  can  test  this  easily  by  experiment. 

Exercise  1-  Twist  two  <>r  more  simil.ir  win  s  of  iliflortnt  metals 
—  sjiy  rojijKT,  iron,  (leriiuin  silvir — 
togi'theriit  till!  ends  mid  mount  tliem 
a.s  Khuwn  in  Fig.  ItJl.  I>y  means  of 
ilro|i8  of  soft  w;ix  attiioli  .shot  <ir  bicycle 
halls  or  small  nails  at  cunal  intervals 
alon.f  the  wires.  Heat  tlie  twiated 
ends.  The  j»rogres.s  of  the  iieat  along 
the  wires  will  be  indicated  by  the  melting  uf  the  wax  and  the  dropping 
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of  tl.e  halls.  When  iho  I.hIIs  have  cease.l  to  .Ir..,,,  wo  shall  find  that  more 
l.avo.ro,.po,lfru,„  tho  c„,.,,er,  which  is  therefore  the  best  c<m.luctor, 
tliat  the  iron  eonies  next  in  order  and  the  German  silver  last. 

Exercise  2.    To  compare  the  conducting  powers  of  some  metala 

Convenient  apparatus  is  illustrated  in  Fig.  I«i2.  A  is  a  vessel,  which  n.ay 
he  made  from  a  j.iece  of  brass  tul.ing  10  cm.  in 
diameter  and  20  cm.  long,  the  bottom  being  closed 
hy  a  brass  ,lisc.  A  number  of  holes  arc  bored  in 
this  to  receive  rods  (about  2.5  nnu.  in  diameter  and 
J-»cm.  long)  soldered  in  positi.m  perpendicular  to 
tlio  bottom.  Kich  r..d  is  provided  with  a  small 
inde.x  made  from  coj.per  wire  about  0.8  mm 
in  dian>eter  (No.  2,,  ,vire),  bent  in  the  form 
siH.wn  enlargcl  at  li.  The  indexes  are  nii.de 
by  uindmg  the  wire  on  rods  slightly  larger  than 
the  rods  in  the  ])otiom  of  the  vessel. 

To  begin  with,  the  vessel  A  is  inverted,  an 
index  IS  slij.ped  on  each  ro<l,  and  a  very  small 
■■'".ount  of  paraflin  w;..x  is  melted  around  the 
rn.gs.     When    the    vessel    is  turned  right-side-up, 

.    ,  •■''^  «'""^n   i"  the   figure   the   solid   wax  holds  the 

indexes  m  jiosition. 

Now  pour  boiling  water  into  the  vessel.     As  the  rods  get  heated  the 

he  «ax  has  ceased  to  melt,  the  indexe.  will  have  descended  to  points  on 
the  various  rods  where  the  wax  just  solidifies,  and  which  therefor^ 
possess  equal  temperatures.  "lereioro 

Now  measure,  the  distances  from  the  bottom  of  the  vessel  to  the 

!    t  n'    M     '  '     '    -^  ""•     ^''*'"  '''^'  ^•""•lucting  powers  will  be  repre- 
sented by  tlie  8.,uares  of  these  numl,ers,  that  is,  231.0, 10<5. 1,  29.2,  13.0,  9.6. 

Tlie  following,  numbers  e.xpro.ss  tlie  conducting  powerl  of 
some  nicUJ.s,  Uikmu;  copper  as  100  : 

Silver         IMi       Aluminium     47        Platinum     12 
Coppor       100        Bntss  32        Lead  H 

Gold  71        Iron  23       xMercury        2.4 


Kl<t.  lC•J.-^xlst•r•8  .ippani 
t;m  for  lindiiiK  rela- 
tive conducting,'  powers 
of  iiietai  ro<l«. 
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Fio.  163. — VV  atv  r  is  a  poor 
conductor  ot  lie»t. 


174.   Conduction  in  Liquids.      If  we  except  mrrcury  an.l 

iiKjltcn  int'tals,  li(iui<l.s  are  jxior  con<hictors 

ni  heat.     Tliis  can  })0  easily  (♦•st<  d  in  the 

r;i-<e  of    water  by  tlie     folluwin-,'    experi- 
ments: 

Fill  a  test-tube  two-thirds  full  »(  water  niul 

licM   it   iu   ft   fliviue   as   shown  in   Fig.    lOH.     The 

wiittr  at  the  top  will  boil  while  tluit  at  the  bottom 

will  not  bo  noticeably  lieiited  at  all. 

IV-s  a  tube  which   has  a  bulb  blown  on  one  end  through   a  cork 

iii^^crted  in  a  funnel,  as  shown  in  Fig.  104.  Thrust  the  open  enil  of  the 
tube  under  w.ater  in  a  beaker,  and  pour  water  in  the 
funnel  until  its  surface  is  about  half  a  centimetre 
above  the  bidb.  This  will  probably  cool  the  air  in  the 
bulb,  which  will  then  contract,  and  some  water  will 
be  drawn  up  into  the  tube. 

Now  pour  a  sp()onful  of  ether  on  the  surface  of 
the  water  and  set  it  on  tire.  Although  considerable 
heat  is  developed,  a»  can  be  shown  by  holding  the 
hand  over  the  tlanie,  the  level  of  the  water  in  the  tul)e 
. "  inge.s  very  little  if  at  all.  This  shows  that  practi- 
cally no  he.at  from  the  flame  was  transmitted  by  the 
water  to  the  bulb. 

175.  Conduction  in  Gases.  Ojuses,  however, 
are  still  p(X)rer  conductors  of  heat  than  litjuid.s, 
so  poor,  indeed,  that  it  is  ahnost  in»possible  to  measure  their 
conducting;  powers. 

Many  substances,  such  a.s  wool,  fur,  down,  etc ,  owe  their  jKwr 
conductivity  to  tlie  fact  that  they  are  porous  and  conUin  in  their 
interstices  air  in  a  finely  divided  state.  If  these  subsUnces  are  com- 
pressed they  l)ecome  better  conductors. 

Light,  freshly  fallen  snow  eiich)se8  within  it  large  quantities  of  air, 
and  eonsecjuently  forms  a  warm  blanket  for  the  earth,  protecting  the 
roots  of  plants  from  intense  frost. 

Heat  is  conducteil  with  the  greatest  difficulty  through  a  vacuum. 
The  familiar  "Thermos"  bottle  is  really  one  ghiss  bottle  inside  another, 
the  space  between  tiieir  walls  having  the  air  removed  from  it.  A  hot 
substance  in  the  inner  one  will  remain  Tiot  and  a  cold  one  will  remain 
cold  for  a  long  time. 


Ku).  1(51.  — IlliiBlralion 
ot  the  nonconduc- 
tivily  of  water. 


152 


TRANSFERENCE  OF   HEAT 


'   I 


h' 


III' 


^J\^ 


176.  Applications  of  good  and  bad  Conductors.  In  con- 
structin;;  furiiiiccs,  c(^,kinjr  utensils,  etc.,  we  use  ^rocxl  conductors 
because  we  want  lieat  to  pass  freely  through  them ;  but  if  we 
want  to  keep  heat  in  or  out  we  use  ixwr  conductors.  A  house 
with  double  walls  is  cool  in  summer  an<l  wann  in  winter. 
Wool  and  fur  ^nirments  are  warm  because  they  prevent  the 
heat  of  the  body  from  es»ipin<,r  throu«,'h  them. 

In  this  connecti.m  tho  action  r,f  inctallic  g.nize  in  conducting  heat 
should  be  noted.     Depress  upon  the  flame  of  a  Hansen  burner  a  pk-ce  of 

fine  wire  gauze .  'J'he  fianie  sprcad.s  out  under 
the  gauze  but  does  not  pas.s  through  it  {li, 
Fig.  1C5).  Again,  turn  off  the  ga.s  and  hold 
the  gauze  al)out  half-an-inch  above  the 
burner  and  apply  a  li-hted  match  above  the 
giiuze  (A,  Fig.  Km).  The  gas  burns  above 
the  gauze.  The  explanatic.n  is  that  the 
luit^il  of  the  gaiize  conducts  away  tlie  heat 
so  rapidly  that  ihe  gas  on  tho  side  of  the 
gauze  away  from  the  flame  is  never  raised  to 
ft  tempenitnre  sutticiently  high  to  light  it. 
This  pnnciple  is  applied  in  the  construction  of  the  Davy  safety  lamp  for 
uuners  A  jacket  ..f  wire  gauze  enclo.ses  tlie  lamp,  and  prevents  tho  heat 
of  the  flame  from  igniting  the  combustible  gaa  on  the  out- 
side.    (Fig.   16(5.) 

177.  Why  We  are  Deceived  Sometimes.    If  you 

go  into  an  uiiheated  room  on  a  cold  winter  day  and  toke 
hold  of  a  piece  of  in.ii  and  a  piece  of  wood  the  iron  feels 
much  the  colder  of  the  two.  Ou  a  hot  summer  d  y,  on 
the  other  hand,  if  the  wood  and  the  iron  have  been 
exposed  to  the  .sun  for  some  time  tho  iron  feels  much  the 
hotter  of  tho  two.  lu  both  casus  the  temperature  is  tho 
same,  but  our  sense  of  touch  would  not  lead  us  to  think 
so. 

The  reason  why  wo  are  deceive<l  is,  the  iron  is  a 
better  conductor  than  the  woo«l.  In  the  winter  both  the 
in.n  and  the  wo(mI  are  at  a  temj>erature  below  that  of  the 


Flo.    ic.'i.  — .\rtion    of    im-ullic 
Kauze  on  a  gaHtlaiiie. 


Kio.    ItW. -D»vy 
■atcty  lamp. 


hand.     When  you  touch  the  iroti  heat  quickly  passes  from  the  hand  to 
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surface  of  the  iron  in  contact  with  it  and  from  there  it  i*  rapidly  conducted 
tliron-;h<)ut  the  metal.  So  much  heat  is  taken  from  the  hand  that  it 
iipi-ears  decidedly  old.  In  the  case  of  the  woo.l,  heat  pas-ses  from  the 
)i.ind  to  the  surface  layer  of  the  wmxl  but  as  the  wo<m1  is  a  poor  conductor, 
this  heat  stays  jiractically  on  the  surfitce.  It  is  con<lucted  very  slowly 
tliroughout  the  mass.  As  the  hand  loses  very  little  heat  it  does  not  feel 
cold. 

In  the  summer,  heat  is  rapidly  ci>nducted  from  the  iron  to  the  hand 
and  hence  it  appears  hot,  while  the  small  amount  of  heat  conducted  from 
the  wood  to  the  hand  makes  the  sensation  much  lesa  marted. 


QTJB8TI0NB 

1.  If  a  cylinder  half  brass  and  half  wood  be  wrapped  with  a  sheet  of 
paper  and  held  in  the  flame  (Fig.  1«7),  the  i)ai)er  in  contact  with  the 
wood  will  soon  be  scorched  but  that  in  contact  with 

the  bra.s3  will  not  l>e  injured.     Explain. 

2.  Why  are  utensils  used  for  cooking  frequently 
supplied  with  wooden  handles  ? 

3.  Ice  stored  in  ice-houses  is  usually  packed  in 
saw-dust.     Why  use  siiw-dust  ? 

4.  Why,  in  making  ice-cream,  is  the  freezing 
mixture  {)laced  in  a  wooden  vessel  and  the  cream 
in  a  metal  one  ? 


Fio.  167. 


5.  Water  may  be  boiled  in  an  ortlinary  paper  oyster-iwil  over  an  open 
flame  without  burning  the  iwper.     Explain. 

6.  The  so-called  fireless  cooker  consists  of  a  wocden  1m)X  lineil  with  felt 
or  other  non-conductor.  The  fowl  is  heated  to  a  high  temperature  and 
shut  ».p  in  the  box.  Why  is  the  cooking  process  continued  under  these 
conditions  ? 

178.  Convection  Currents.  When  we  applied  heat  to  the 
top  of  tlie  water  in  a  test-tube  (§  17:3)  that  at  the  bottom 
remained  cold.     If  no-  we  apply  the  heat  at  the  bottom  the 
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wliole  mass  is  .juickly   wanne.].     In    tluH   case   the   heat   is 
carn.d  hy  curn-iits  sot  up  in  the  fluid. 

T!.o  presence  of  these  currents  can  be  easily  «h..wn  in  the  f..Ih,wing 
"■''J'  '■  Drop  a  few  crystals  of 
pot.issiiMu  permanganate  into  a 
heaker  of  water  and  allow  the  tip 
of  a  gas-flame  to  i>!ay  on  the  l.ot- 
t"iu,  either  at  one  side  as  in  Fig. 
10«  or  at  the  centre  as  in  Fig.  IfiO. 

Such  currents  are  called  rou- 
nrtinn  cuneiiU  They  are  formed 
whenever  there  are  difrerences  of 
temperature  in  the  parts  of  a 
fluid. 


'^V\ 


^.i' 


SBsaoa 


Flo.  IfiS  ~foii\ectioii(ur- 
rents  ill  water  heated 
by  (fastlame  plice<l  at 
one  side  o(  txjttom. 


Fio.   Ifli).  —  C;oiivection 
LMirrerita    in    water 

That  portion  of  the  water  closo      a't'celHre *of  Sti'oT' 


to    the    ga.s-flame    is    heated,    it 
becon^es  less  d.i...  and  rises  to  the  top.  colder  water  biking  it,  place  at 
the  l>ottum. 

179.  Transference  of  Heat  by  Convection.  This  must  be 
clearly  distin;ruishe.l  fio.n  conduction.  In  conduction  tlie 
lieat  enoiiry  is  handed  on  from  molecule  to  molecule  throughout 
the  conductor;  in  convection  certain  portions  of  a  fluid 
become  heated  and  change  their  position  within  the  mass, 
carry itig  their  heat  with  them  and  giving  it  out  as  they  move' 
alx)ut.  The  water,  heated  at  the  bottom  of  the  beaker,  rises 
to  the  top,  carrying  its  heat  with  it. 

180.  Convection  Currents  in  Oases.  Convection  currents 
are  easily  .s.-t  up  in  gasrs.  A  heated  i)ody  always  causes 
disttnl-ances  in  the  air  al«»nt  it.  The  rising  smoke  shows  the 
"lireetion  of  the  air-currents  above  a  Hre.  Tlje  following 
simple  experiments  illustrate  the  pro«Juction  of  convection 
currents  in  air. 
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Kio.  170.— «'oiivection  current*  In 
air  about  a  hratM  flat-iron. 


Hold  a  hot  iron— say  a  flat-iron— in  a  cloud  of  floating  dust  or  smoke 
p.irticles  (Fig.  170).     The  air  is  seen  to  rise 
fniiii  the  top  of  the  iron,  and  to  flow  in  from 
all  sides  at  the  hottoin. 

Make  a  box   fitti'd    with   a   glii8.s   front 

ami  cliinineys  as  shown  in  Fig.   171.     Place 

a  liijiited  aindle  under  one  of  the  chiunicys, 

and   replace  the   front.     Light  .sunie    touch 

jiriper  *  and  hold  it  over  the  other  chimney. 

The  air  is  observed  to  pass  down  one  chimney 
and  up  the  other. 

When  we  tuni  on  the  draught  of  a  stove  or 
furnace  we  close  the  top  and  ojhsu  the  l)Ottom 
so  that  an  air  current  may  flow  through,  and 
thus  supply  plenty  of  oxygen  to  the  fire. 

181.  Winds.  Diflerences  of  temperature  on 
the  earth's  surface  give  rise  to  convection 
currents,  like  those  in  the  air  aliout  the  heated 
iron  but  on  a  largo  scale.  For  various  causes 
the  earth's  si  rface  is  une(iualiy  heated  by    the 

sun.     The  air  over  the  heated  areas  expands,    and   l)ecoming   relatively 

lii,'hter,   in  forced  upward  by  tlie   buoyant   pressure   of   the   colder   and 

heavier  air  of  the  surnninding  regions. 

Trade  winds  furnish  an  example.     These  ]>ermanent  air-currents  are 

primari'y  due  to  the  tinetpial  heating  of  the  atmosphere  in  the  jmlar  and 

eipiatorial  latitudes. 

We  Itave  an  example  also,  on  a  much  smaller  swile,  in  land  and  sea 

breezes.     On  account  of  its  higher  capacity  for  heat,  water  warms  and 

cools  much  more  slowly  than 

land.     For   this   reason    the 

st-.\   is    fre<piently  cooler  by 

day   and    warmer    by   night 

than  the   surrounding  land. 

Hence,  if  there  are  «>       is- 

turbing      forces      an     otf-sea   Fro.   172.-Illu»lralion  of  land  and   aea   breewj     A 
,  .    ,.,     ,  ,1  direction  of  movement  in »«»  brMie.    .B,  dlrtcoon  of 

breeze  is  likely  to  blow  over       niovement  in  land  breete. 

the  land  during  the  day  and 

an  oiriand  breeze  to  blow  out  to  sea  at  night  (Fig.  172).     Since  the  causes 

*  Made  by  dipping  blottin|r  PM>*'  >■>  '  aolution  of  potaaaium  nitrate  and  drying  it 


Kii.    171.— Coiive<>tion    cur- 
ri-nla  in  heated  air. 
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(iro  liiit  local,  it  is  ohvioiiH  tliat  tht'Ho  atrnfisjibericdisturlMnices  can  extend 
l)iit  !i  sliort  (lintanco  fri)iii  tin;  shore,  usually  not  more  than  10  or  15  miles. 

182.  Applications  of  Convection  Current.  These  arc  very 
imiiieiouH.  They  ai-e  used  in  eookiiijr,  in  supplyin;^  hot  water 
iu  f)ur  houses,  in  heatinif  our  huildin*^,  in  ventilation,  and  for 
many  otlier  purposes.  Siiuie  of  these  are  brieHy  described  in 
the  followin  ;  sections. 

183.  Cooking;  Hot  Water  Supply.    The  «listril)ution  of  heat  in 
/^^3r  ordinary  cooking  (ij)erations  such  as  boiling,  steaming 

f  E^g  fti„i  oven  ro;isting  and  Imking  is  obviously  by  convection 

c»u  rents. 

Wlu'n  running  water  is  available,  kitchens  are  now 
usually  supplied  with  equipment  for  m.iintaining  a 
supply  of  hot  water  for  culinary  j)urpo8es.  The 
common  method  of  heating  tin;  water  by  a  coil  in  the 
tire-box  of  )i  stove  or  furnace  is 
illustrated  in  the  following  ex- 
periment. 

Use  a  lamp  chiunicy  a.s  a 
reservoir,  and  tit  up  the  con- 
necting tubes  as  shown  in  ^''ig. 
173.  Drop  a  crystal  or  two  of 
potassiinn  permanganate  to  the 
b<»ttom  of  the  nservoir  to  .show 
the  direction  of  the  water  currents.  Fill  the  reser- 
voir and  tubes  through  the  funnel  ('and  heat  the 
tube  B  with  a  lamp.  A  current  will  be  observed 
to  flow  in  the  direction  of  the  arrow.  The  hot 
wati-r  rises  to  the  top  of  the  reservoir  and  the  cold 
water  at  the  bottom  moves  forward  to  be  heatetl 

Fig.  174  shows  the  actual  connections  in  a 
kitchen  outfit.  The  cold  w.iter  supjily  pipe  C  is 
c<.nneeted  with  a  tank  in  the  attic  or  with  the 
water-works  service  pipes.  The  hot  water  is 
drawn  otF  throuu-h  the  pipe  I).  The  direction 
in  which  the  currents  How  is  shown  by  the 
arrows. 


Fio.173— Illustration 
of  the  principle  of 
heating  watir  by 
convection  cur- 
rents. 


Fis.  174.— Connection  In  • 
kitchen  water  heater.  A 
ia  the  hot  water  lank  and 
1!  i*  the  water-front  of  the 
utove  The  arrows  show 
the  ilireolion  in  whii-h  th? 
water  niovea. 
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184-  Hot-Water    Heating.      IT<>t  w.-itor  syNtcmH  <>(  honting  •Iwdlin^' 
li'Misc'H  ;ilso  tlepenil  on  convection  currents  for  flic  distrihijtiun  of  luMt. 

Tliu    i>rinci|ile    nuiy    Ih3    illns- 
V,::  tnited  l»y.*i  nuMliticiition  of  tho  liwt 

t'X|KTiiiii'iit.  Connt'ct  nn  open  re- 
Horvoir  II  with  i\  tl.-iiik,  as  shown 
in  Fig.  17i>.  Taking  cjiro  not  to 
cntnip  nir  liuiililes,  till  the  tluHk, 
tuhes,  ami  purt  of  the  reHervoir 
with  w.iter.  To  show  the  direction 
of  the  currents,  colour  the  water  in 
the  reservoir  witli  pot.is.siiun  |>er- 
niungnnate.  Heat  the  tlask.  The 
coloured  water  in 
the  reservoir  al- 
most iuiniediately 
begins  t(»  umve 
downwards  throuijfh 
the  tuhe  D  to  the 
bottom  of  the  flask 
and  the  colourless 
water  in  ('  appears 
at  the  top  of  the 
reservoir. 


Flu  176.— Hot-water  heating  «ylU>m.  A, 
tiirnace  ;  C,  C,  C,  pip«H  leadinK  to  nulla- 
tors,  H,  R,  and  expaniiion  tank  B\  D,  D, 
pipes  returning;  water  to  funiaoe  after 
(laagiiiK  througli  radiators. 


In  a  liot-water 
heating  system  (Fig. 
17<5)  a  Ixiiier  takes 
the  place  of  the 
flask.  The  hot  water 
passes  through  radi- 


Fiu.  176.  — Illu»- 
t ration  of  the 
i>rin<  i  pie  of 
nealini;  build- 
ioKi  l>y  hot 
water. 


atonj  in  the  various  rooms  of  the  house  ami  then  returns  to  the  furnace. 
An  exj>ansion  tank  /i  is  also  connecteil  with  tho  system.  Obwrve  that, 
as  in  the  flask,  the  hot  water  rises  from  the  top  of  the  heater  and  returns 
at  the  liottora  of  it. 

185.  Steam  Heating.  Steam  also  is  employed  for  heating  buildings. 
It  is  generated  in  a  lM)iler  ami  distributed  by  its  own  pre.s.sure  through 
.1  system  of  pipes  and  radiators.  The  water  of  condensation  either  returns 
l>y  gravitjition  or  is  pumped  into  the  boiler. 

186.  Heating  by  Hot- Air  Furnaces.  Hot-air  systems  of  heating  are 
in  very  common  use.     In  most  Ciiaes  the  circulation  of  air  depends  on 
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c.nvfction    ciirrt'iits.     Tin-   dovoloiiment    «.f    siicli    currents    by    hot-air 
fiirimccH  (U'lion.ls  on   tlio    priiiciiilu    tliiit   if  ji  j.ickft   is 
pliiciMl   aiouiid  ji   liiJiteil   l)iMly    uikI    (>j)t«iiiii<,'s    aru    made 

in  itM  tn|)  and  its  l.(>tt( a  ciimnt   of  air  will  inter  at 

the  lM)ttMiu  and  oscajH!  at  a  liiiiliiT  teniporatnre  at  tlie 
t<.p.  Fur  exaiiipl..,  a  lamji  shade  of  the  f.nin  shown  in 
Via.  177  f<»rniH  siii-h  a  jacket  almiit  a  hot  lamp  chimney. 
When  the  air  aiuun.l  the  lamp  is  cliaru'ed  with  Huinke  a 
current  of  hot  air  in  seen  to  pass  in  at  the  liase  of  the 
nhade  and  out  at  the  top. 

r"-  A  hot-air  furnace  consi.sts  Ainiply  of  a  stove 

A     Fif,'.    17S)  with  a  i,'alvanized-irr.n  or  hriek      ••'"•■   ^ 

et  alK)Ut  It.     ri|)es  connected  with  the  toj)        red  liyvlacinic » 
f    .1        .      ,     .  Jacket  around  a 

of    tlie    jacket   convey        heatwIlKxIy. 

the    hot     air     to     the 
rooms  to  lie  heated.    The  o<ild  air  is  led 
into  the  ha.se  of  the  jacket  l>y  pijies  con- 
nected with  the  ont.side  air  or  with  the 
tKn>r3  of  the  room  above. 

187.   Ventilation.     Most  of  the 

methods  ad<  pted  for  securinj^.a  supply 
of  flesh  air  for  living  rooms  depend 
on  the  develojiment  of  convection 
currents. 

When  a  li<;hted  candle  is  placed 
at  the  bottom  of  a  wide-mouthed  jar, 
fitted  with  two  tubes,  as  shown  in  B 
(Fig.  17i>).  it  burns  for  a  time  but  goes 
out  as  the  air  becomes  deprived  of 
oxygen  and  vitiated  by  the  products  uf 
condiustion.  If  one  of  tlio  tubes  is 
Km.  178.-11)1  air  hcatinifaiulveiiUlaliiiK        tiu.shed  to  the  iMjttom  .1  (Fig.  170),  the 

Bysteni.      A.   stove-Jac<et ;     B,  uniolte       kindle  will  continue  to  burn   briiditlv 
flue;  r,  warm  air  pipes;    D,  cokl  air         '»"<"*-  ""»  lontinut  lo  nurn   nngiui)  , 

ni  outMi.ie;    g,  coH-air  pipe      beoau.se  a  continuous  supiiiy  of  fresh 
m;   r,  vent  flue;    T,,  valve  in  .  ,-,,,, 

v.,  valve  in  pii>e  from  outside.       an-  conies  in  by  one  tube  and  the  foul 

gas  e8ca[ies  by  the  other. 

The  exptTiiitent  is  tyj>ical  =-f  t!;;'  !r,r;i!!^  usr.ally  ad-^j-ted  t<>  secure 

ventilation  .u    dwelling    houses.      A    current    is    made    to   tluw  between 

supply  pipes  and  vents  by  heating  the  air  at  one  or  more  points  in  its 

circuit. 


pipe  from 
from  room 
pi|<e  E 
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A  warm-air  furnace  system  of  heating  i-rovidis  naturally  for  vinti- 
l.itionif  the  air  to  he  wanned  is  drawn  from  tho  outside  air  and,  after 
l,ein-  used,  is  allowed  to  escape  (Fig.  17H).  To  supiKirt  the  circulatitm 
the  vent  fluo  is  usually  heated.  Tho  figure  kIu.ws  the  vent  flue  phuvd 
•ilongside  the  smoke  tlue  from  which  it  receives  heat  to  create  a  draught. 

The  supply  pipes  and  vent  flues  are  as  a  rule  fitted  with  valves  T,, 
I'j,  to  c.ntrol  the  air  currents.  When  the  inside  supply  pil*  is  chtsetl 
.md  tho  others  oi)ened  a  current  of  fresh  air  jMisses 
into  and  out  of  the  house  ;  when  it  is  opened  and 
tlie  outside  supply  pil>e  and  vent  fluo  closed,  the 
tirculation  is  wholly  within  tho  house  and  the 
iMonis  are  heated  hut  not  ventilated. 

With  a  hot-water  or  steam  heating  jdant 
ventilation  must  Ikj  eff"ected  indirectly.  Sometimes 
;i  supply  pipe  enters  the  room  at  the  hiiae  of  each 

radiator  and  fresh  air  is  drawn  in  hy  the  upward    ^^    iT9.-inuitr«tion  ol 
current    produced    hy    the    heated    coils.       More 


lU.       IIU. — lllusirBllull      wm 

iirinciple  of  ventilation. 
Th        


^•■■■^■■'     I ■  •'  The  tulie*  ihoulii  be  «t 

frequently  coils  are  provided  for  waruung  the  air      leMt )  inch  in  diameter. 

heforo  it  enters  tho  room's.     The  coils  are  jacketed, 

and   tho   method   for  maintaining   the   current  diflers  from  the  hot-air 

furnace  system  only  in  that  the  air  is  warmed  hy  steam  coils  instead  of  hy 

a  stove.     To  secure  a   continuous  circulation  in   large  buildings  under 

varying  atrnfisjilieric  conditions,  the  natural  convection  currents  are  often 

reinforced  and  contridletl  hy  a  {wwer-driven  fan  i)laced  in  the  circuit. 

188.  Transference  of  Heat  by  Radiation.  The  earth  re- 
ceives great  quantities  of  heat  from  tlie  sun,  and  as  in  most  of 
the  space  between  the  two  Ixwlies  there  is  neither  solid,  litiuid 
nor  {;aH,  the  heat  caniKJt  came  to  ns  by  conduction  or  convection 
It  is  said  to  U-  transmitted  by  rttiliatUm. 

Again,  if  you  hold  one  end  of  a  short  copper  wire  in  a 
Huiisen  flame  and  the  other  in  the  hand,  heat  will  soon  reach 
the  hand  by  conduction.  If  you  liold  yoin-  hand  over  the 
flame,  it  will  be  heated  by  convection  currents,  wiiieh  move 
upwanl  Further,  if  tlie  han<l  is  1r1<1  at  one  side  of  the  flame, 
it  will  still  be  heated,  in  this  case  by  radiation,  and  a  book 
or  a  board  held  between  the  flame  and  the  hand  shuts  off 
the  heat  thus  received 
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Heat  rjuliatioM  fliM't'is  in  many  rt-spects  from  conduction 
or  coiivectioii.  In  i\u;  first  place  tin;  radiation  travels  in 
straijflit  lints;  you  could  not  cut  it  oH'  l)y  nn  obstacle  held 
Ixi'ore  the  Houice  ol'  In-at  if  this  were  not  so.  Then,  heat 
radiation  and  li^ht  radiation  are  closely  related.  When  the 
moon  comes  In'tween  us  and  the  sun  and  pnKhices  an  ec-lipse, 
the  sun's  lii;ht  and  heat  are  cut  ofl'at  the  same  moment.  Also, 
heat  railiation  passes  freely  thnni<;h  a  vacuum.  Another 
extraonlinary  characteristic  is  that  it  pa.sses  through  sonje 
Ixxlies  without  appreciably  wannint^  tliem.  The  radiation 
from  the  sun  may  pass  through  a  window  without  warming 
the  glass  to  any  noticeable  extent,  though  in  some  ca.ses  gloAS 
will  transmit  light  fre«'ly  but  keep  out  heat  nvdiation.  A 
glass  screen  placed  Ix-fore  a  fireplace  acts  in  this  way. 

Like  light,  lieat  radiation  may  be  refiecled  and  al>sorl)ed  at 
the  surface  of  a  Ixxly.  Black  l»odie8  alisorb  while  jjolished 
surfaces  reflect  well. 

Indeed  light  and  heat  are  lioth  l)elieve<l  to  be  transmitted 
by  waves  in  a  suKstance  known  as  the  ether,  which  fills  all 
space.  Some  wave;^  are  especially  suited  to  produce  the 
sensation  oi  heat  and  othere  to  produce  the  sensation  of  light, 
but  the  siune  waves  may  produce  both  sensations.  The  radi- 
ation used  in  wireless  telegraphy  consists  of  waves  in  this 
same  ether.     This  luatter  is  referred  to  in  the  next  section. 
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CHAITKU  XXVI 

Nature  of  Light  ;  Its  Motion  in  Straight  Lines 

189.  How  Light  Comes  to  TJ8.  We  liave  our  candles  and 
uil-Uiinps  und  gas-rianies  and  electric  lights,  l.ut  none  of  these 
cm  eoniiMiie  wilh  tli'  sun  as  a  source  of  light.  What  is  the 
nature  of  light,  and  h.iW  is  it  transmitted  to  us  ? 

As  we  have  seen,  sound  requires  a  material  substance  to 
travel  throu^''\  -a  solid,  a  liijuid  or  a  gas.  But  in  the  great 
liMlances  separating  the  earth  and  the  Hun  or  the  earth  and 
the  stars  there  is  nothing  of  that  sort ;  indee<l,  light  travels 
more  freely  if  it  does  not  luive  to  pass  through  any  of  these 
material  substances;  yet  it  is  believed  that  light  somewhat 
resembles  sound  in  the  maimer  in  which  it  is  transmitte<l. 

On  tracing  the  sound  buck  to  its  origin  we  fi.id  that  it  arises 
fi(«n  a  vibrating  body.  A  body  which  is  producing  K-^ht  is  also 
believed  to  be  vibrating,  but  the  vibrations  are  so  n.inute  and 
rapid  that  one  cannot  see  them.  The  vibrations  in  the  light- 
source  sets  up  movements  in  the  ether,  which  is  '  <dieved  to  fill 
tlie  great  spaces  between  the  heavenly  bodies  and  also  the 
miiuite  spaces  Ijetween  the  particles  of  ordinary  matter.  We 
cannot  see,  or  feel,  or  smell  this  ether,  and  yet  there  is  goofl 
reason  for  believing  that  it  is  present  everywhere.  The 
movements  set  up  in  the  ether  by  the  light-source  spread  out 
in  it  by  meaiLS  of  waves,  much  as  the  disturlmnce  in  air 
caused  by  a  vibrating  body  spreads  out  in  souml- waves. 

Light  when  on  its  way  from  a  light-source  to  us  is  nothing 
but  shakings  or  waves  in  this  ether,  and  when  tlie.se  ether 
waves  reach  the  eye  we  receive  the  sensation  of  light. 

Sound  and  light  differ  widely  in  the  rate  at  which  they 
travel.     In  one  second  the  former  goes  (in  air)  one  fifth  of  a 
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mil..,  whilo  tlic  latt<T  giK.s  the  enormous  di.sUmcu  of  180  000 
miles  or  .'iOO.OOO  kiloinetix's. 

190.  Light  Travels  in  Straight  Lines.  A  lamp  placed  in 
the  iiii.I<||(.  „f  a  loom  H,.,.(is  its  li;rl,t  into  evrry  corner,  ami  a 
U-acon  on  a  hi^rl,  elevation  can  be  seen  in  all  <lireetions.  The 
sun  Hen.ls  out  its  li^rht  a,,,!  heat  in  all  .lirectiona.  We  receive 
hut  a  tiny  fraction  of  it  all. 

Althou^rl,  we  believe  that  li;jht  travels  by  means  of  waves 
in  the  ether,  we  usually  speak  of  it  as  passinjr  i„  rays,  spreacling 
out  from  the  Iight-.s<jui-ce. 

When  li^rht  is  a.lnntte.l  into  a  darkened  room  through  a 
small  opening— a  kn.,t-hole  in  a  barn,  for  example— we  can 
trace  its  course  by  means  of  dust  particles  in  the  air.  and  its  path 
IS  seen  to  be  a  straicrht  line.  If  you  are  reading  and  an  object 
comes  iKjtween  the  lan.p  and  your  b(xjk  the  light  is  cut  otf— it 
does  not  travel  in  a  curved  path  in  onler  to  get  round  the 
object.  If  light  did  not  travel  in  straight  lines  the  carpenter 
could  not  tell  if  an  e«lge  wjia  straight  by  looking  along  it. 

If  light  spreads  out  from  a  point— say,  a  candle  or  an  arc 
laujp- a  set  of  rays  would  form  a  din-ryent  jyncU,  like  a 
Fig.  180  (you  notice  this  is  shaped  like  the  sharpened  end  of 
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Fi«.  18»-A  convergeDt  |«noil.  6;  •  diverjrent  pencil,  a;  %  pwallel  beam,  e. 

an  ordinary  pencil).  If  the  mys  are  ma<le  to  run  to  a  point 
instead  oi  from  it.  we  get  a  conrcnjent  pencil  {h  Fig.  180), 
while  if  the  rays  move  along  in  parallel  lines  we  have  a 
parallel  \jeiim  (c  Fig.  180). 

191.  The  Pin-hole  Camera.  There  are  many  interesting 
applications  of  the  fact  that  light  travels  in  straight  lines.  One 
of  these  is  the  pin-hole  camera,  which  can  be^illustrated  as 
follows : — 
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rw.  181.— Pinhole  camfr*.  C  ta  • 
•inall  hole  in  the  front,  >n<l  »n 
ln»»rl««l  iiii»lfe  <>•  Ihe  (••iidle  A  B 
U  Mcn  on  the  iMkck  ol  the  bos. 


Tako  a  Ix.x  MN(Fi(i.  181),  »H.re  a  li->li'  an  inch  or  two  in  diameter  in 

unu  end   antl   knock  out  the  otiier  eiul. 

Uvir  the  holo  Btrttch  tin  foil,  in  it  iirick 

fi   holo   C  with  a  liin,  pl.ico  Uforo  it  a 

c.vMtUu  /< B  ami  over  the  other  end  of  tlie 

hox  stretch  a  sheet  of  thin  jiapor. 

llio  light  from  the  various  j»ortiona 

..f    AB   iMiM    through    the    holo    C  and 

f..nn  on  the  \tsi\>vr  an  imago  1>R  of  the 

cimlle.     This  cati  be  Hctn  l>cst  \>y  throwing 

over  the  head  and  the  box  a  dark  cloth.     (Why  ?)    Tl.e  image  i.  inverted, 

since  tlie  light  tmveU  in  straight  line*  and  the  rays  cross  at  C. 

If  now  wo  remove  the  i>aper  and  for  it  substitute  a  sensitive  photo- 

u-raphic  plate,  a  "negative"  may  Iw  obtained  junt  as  with  an  ordinary 

camera  ;  indee<l,  the  persiK«ctive  of  the  scene  phot.np-aphe,!  will  be  truer 

that,  with  most  cameras.     The  chief  objection  to  the  use  of  the  pinji.de 

camera  is  that  with  it  the  exiK«ure  required,  corai^red  Ut  that  with  the 
ordinary  camera,  is  very  long. 

It  is  evident  that  to  secure  a  sharp,  clear  image  the  hole  C  must  »>e 
fituall.  Supp<.se  that  it  is  n.ade  twice  as  large.  Then  we  may  consider 
each  half  of  this  hole  as  forming  an  image,  and  as  these  images  will  not 
exactly  coincide,  indistinctness  will  result.  On  the  other  hand  the  hole 
nniHt  not  b^  too  small  The  size  depends  chiefly  on  the  length  of  the 
camera  box. 

192.  Shadows.  Since  the  rays  of  light  are  straight,  the 
space  behind  an  opaciue  object  will  be  screened  from  the  light 
an.l  will  be  in  the  shadow.  If  the  source  of  the  light  is  small 
the  shadows  will  be  sharply  defined,  but  if  not  the  edges  will 

be  indistinct. 

Let  A  (Fig.  182)  be  a  small 
source  (an  arc  lamp,  for  instance) 
and  let  B  be  an  opaque  ball.  It 
will  cast  on  the  screen  CD  a 
circular  shadow  with  sharply 
defined  edges.     But  if  the  source 

is  a  body  of  considerable  size,*  such  as  the  sphere  S  (Fig.  1»3), 


Fie.  18S.— If  th«  wmrM  b«  ■nsll  the 
(liMlow  wlU  be  ehirp.  A  w^th* 
•ourne,  B  the  object,  CD  the  ihiwlow. 


•A  Ump  with  a  iphMioal  poroeUin  ihade  may  be  lued. 
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then  it  i.s  evident  that  the  only  j)oition  of  space  wliich  receives 

no  lij(ht  at  all  is  the  cone 
behind  the  oj)jif|ue  sphere  E. 
This  is  cjill'  1  the  uvihni, 
or  simply  the  kJiwIoiv,  while 
the  portion  Iwjyond  it  which 
receives  a  part  of  the  light 
from  tS'  is  the  penumhm. 

Fio.  183.-5  it  »  UrK*  britcht  •oure*.  and  E  m    r,  ir      •  i      i 

opaque  olijett.    The  dark  portion  ia  the  (A«dow,    oUppOSC       M       IS      a      bo<JV 
the  lighter  portion  the  ;»-HUin&ra.  ,     .  _  '' 

revolving  about   E  m  the 

direction  indicated.     In  the  position  1  it  is  just  entering  the 

penumbra;   in  the  second  position  it  is  entirely  within  the 
shadow. 

If  S  represents  the  sun,  E  the  earth,  and  ^f  the  moon,  the 
figure  will  illustrate  an  eclipse  of  the  moon.  For  an  eclipse 
of  the  sun,  the  moon  must  come  between  the  earth  and  the 


|i 


,ih- 


Fm,  184.— Showing  how  an  ecliiwo  of  the  Hun  ia  produced.    A  penon  »t  a  cannot 

•ee  the  sun. 


sun,  as  shown  in  Fig,  184.  Only  a  small  portion  of  the  earth 
is  in  the  shadow,  and  in  order  to  see  the  sun  totally  eclipsed 
an  observer  must  be  at  a  on  the  narrow  track  over  which  the 
shadow  sweeps. 

193.  Transparent,  Opaque  and  Translucent  Bodies.  Trans- 
piirent  bodies,  such  as  glass,  mica,  water,  etc.,  allow  the  light 
to  pjuss  freely  through  them.  Opaque  substances  entirely 
obstruct  the  passage  of  light ;  while  translucent  bodies,  such 
as  ground-ghiss,  oiled  paper,  etc.,  scatter  the  light  which  falls 
upon  them,  but  a  portion  is  allowed  to  pass  through. 


m 
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PROBLEMS 

1  >  ,t.«rmph  is  made  by  means  of  a  i.in-hole  camera,  which  is  8 
..J;  L  „  llZt:  IOC)  feet  Lay  and  :.)  feet  high.  Draw  a  d.agra.a 
Hii.l  tiud  th.  height  of  the  image  ? 

2  Why  docs  the  image  in  a  pin-hole  camera  l>ccome  f*'"^*--  ^  >' 
,,ecomeM4er  (U.,  by  using  a  h>nger  box,  or  pulling  the  screen  ba  k) 

3  Why  is  the  shadow  obtained  with  a  naked  arc  lamp  sharp  and  well^ 
.K.fi,.tu  What  difference  will  there  ^.  when  a  ground-glass  globe  « 
paced  around  the  arc  ?    Draw  a  diagram. 


it 
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CHAPTER   XXVII 
Reflection  of  Licht 


194.  Image 


Plane  Mirror.  Let  us  liold  a  book  or 
otluT  ol>jtct  iilKJUt  two  fuel  ill  front  of  an  ordinary  plane 
mirror.  In  the  mirror  you  sec  its  t//((»//^,  wliicli  looks  to  be 
lieliind  the  mirror,  nnd  about  as  far  behiml  as  the  book  is 
before  it.  Now  move  tlie  l)ook  closer  anil  watch  the  iiiia<^e. 
It  appe.irs  to  tret  closer,  too.  Slowly  move  the  book  Up  until 
it  t(niches  the  mirror;  at  the  .same  time  tbe  image  slowly 
iiKAes  up  until  it  touches  the  mirror  also. 

We  see, -then,  that  tlie  nearer  the  object  j;ets  to  the  mirror, 
tin-  iieait-r  tlie  ima<,'e  comes  to  it;  j«l.so,  the  line  joininsj  the 
object  and  its  iiiia;;e  appears  to  be  at  ri^jlit  ant^les  to  the 
mirror.  That  such  is  the  case  can  be  neatly  shown  l)y  the 
followin*,'  experiment. 

IJefdro  a  slieet  of  thin 
jilatc  glas.s  (not  a  silvered 
mirror)  stand  a  lighted  candle 
on  a  iMiper  scale  which  is 
placed  at  right  angles  to  the 
surface  of  the  gla8.s  (Fig. 
18.")).  We  see  an  image  of 
the  cjnulle  on  the  other  sitle. 
Now  move  a  second  candle 
behind  the  ghi.-^s  until  it  co- 
insides  in  position  with  the 
imago. 

On  examining  the  scale 

Fio   lS.i.-.\  litfhted  candle  tUnilg  in  front  of  a  »heel  of  it  «  'H   I'l-'  found  that  the  two 

plalp  tflasB  (not  a  mirrorl.     Its  iniotte  is  seen  by  the  c.i„,11,.h     nre      l)otli     on      the, 

exi>*rinienter,  who,  with  a  second  liKlH«<l  candle  in  caiKllLS     are      Horn      oil      the 

liii*  hand,  is  rrochinK  round  behind  and  tryint;  to  plate  paper    scale     and     at      eiiiial 

it  so  as  to  coincide  in  position  with  the  iuiat;c  of  the  , .                                                   ; 

flret  candle.  distances      from     the     guiBS 

plate. 

You    must  clearly  understand  just  what  takes  place  liere. 

The  rays  of  li<jht  start  out  from  the  candle,  th<>y  strike  the 

i,da.ss,  are  rellected    from  it  and  then  they  come  to  the   eye 
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as    1 


f  thev   ha'l  started  out   from   a   T'^ini  as  far  behind  the 


front  of  it.     Of  courso 
tl. 


irliisH  as  the  candle  is  in 

not  really  come  from  this  point,  that  is,  tl.e  in.aj;o 


the  lijjht  dcK's 
iH'hind  the 


ni 


irror,  it  only  appears 


to.     In  this  simph'  experiment  we  can 


Iv  trace  how   the  li-ht  has  t;one,  but  in  some  cases 


Fia.  18<>.-Mu-.trating  the  law  of  reflecUon. 


the 
n.irror  is  so  perf.-et  and  the  image  so  bright  and  natural  that 
we  take  it  for  a  real  olyect. 

195.  Law  of  Reflection.     We  must  examine  more  closely 
how  the  light  is  re-  ^    ^  i^  y^ 

fleeted.  Let  MN 
(Fig.  186)  be  a  sec- 
tion of  a  plane  mir- 
ror, and  A  a  candle 
ill  front  of  it.  Fron> 
.1  <lraw  AM  per- 
pendicular to  MX 
and  produce  it  until 
U  is  as  far  Ixrhind 

.ILVas  .1  is  liefore  . 

it.     Then   B   is   the   image   of    .1    m    the   mirror.      Let   the 

observer's  eye  be  at  E. 

Then  a  ray  starts  out  from  ^.strikes  the  mirror  at  C  whore 

it  is  reflected,  and  it 

goes  in  the  line  HE 
to  the  eye  E.  Hie 
ray  AC  which  falls 
on  the  mirror  is 
calknl  the  incvlevt 
ray  and  CE  is  the 
7r/«c^''/ ray.  From 
C  erect  CP  perpen- 
^  [.'  dicularto.lLV;  this 

Fio.  i87.-iii«>*tni»u,^  the  law  of  rt-nection.  jj^  called  the  norvtvl 

.,,      \\^.,  ACP  \hi\\q  (Uiffle  of  incidence  and 
to  the  min-or  at  0.     Also  Aii    i>*  t"^  '"  ^      J 


\i]H 


UKFLKCTION   OF    I.KUIT 


AY7'  tlio  (i)U/fi^  nf  r'fl'cfirrn.     J'\-  "■••inuctrv  it 


f-at)    f'n«i 


ly  U 


j)ri)\r<l  that  tlifsi-  aii;;l(s 
art'  ciinal  to  <'acli  otlicr, 
ami  wcolttain  tin,'  foll^Av- 
iii;;  A'/"'  iif  li'  ffirf 


liiV 


n 


H'   <l  III 


lie  of 


i  ocidrncfi 


f(f>iJt/   to   thr  (iitiflc  of 


"11 


I'CJIt  If  mil , 


In   K 


J  87,  188 


111  v\'^H  int,  ifsn  are 
Khowii  aii^^lfs  of  inci- 
dence   au'l    ri'tlrction 

Km.    188.— Sliowiiiir   h.m    li;.'lil    in   rfrtecled.     AC  ia         wlw.n      flir>      <.»i.       Jj      i' i» 
ill.  i.leiil  anil  C/i' nlUctwi  ray.  M  IM  11      I  lie      t\(       IS      in 

(lilfV-rcnt  positions,  and 
the  aii>:]('H  have  ditrerent  niajrnitudfs.  In  euch  of  these  H^jures 
a  sin;,'li-  ra\'  is  shown  ;  in  Fi<;.  181)  a 
pencil  of  rays  is  shown,  startin<(  from 
A  and  beinjj  reflected  into  the  eye. 

196.  Regular    and     Irregular 

Reflection.     Minors  arc  usually  made 

(»f  jiolislud    metal    or  <if    slieet    jjlass 

with  a  coatinj;  of  silver  on  the  back 

surface.     Wlu-n  li;.jht  falls  on  a  mirror 

it   is  rt-fleeted   in   a    definite  direction 

ami  the  rellection  is  said  to  be  rri/ular. 

Heilection    is  also  regular    fio!n   the  still    surfaces  of  water, 

mercury  and  other  litjuids. 

Now  an  unptjlishefl  surface,  such  as  paper,  althou<j;h  it  may 

appear  to  the  eye  or  the   liand   as  ijuite   sm(M)th,  will  show 

decided  hills  and  hollows  when  ex- 
amined under  a  microscope.  The 
surface  will  appear  .somewhat  as  in 
Fi;;.  I'.tO,  and  he:i<'''  the  normals  at  the 
\arious  parts  of  the  surface  will  not 

be  parallel  to  eacli  other,  as  they  are  in  a  well-jiolished  surface. 


C  D    .V 


Fio  189. —iir  i§  «fi  iiiciilfnt  t«j, 
('/■'  the  reflecteil  ray,  aii<l  r/* 
tlif  iiormal  to  tho  Hiiif.ice  MS. 
Tht'ii  allele  of  ituiilence  ACI'  is 
equal  I  candle  of  rertfC't  ion  fC/' 


I'm.  I'.Mt.  -  Sratteriiii;  of  lii,'ht 
Ir  11111  .1  roiinh  siirfair. 
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l|.,,c..  tl.c  rays  when  rollectea  will  take  vuriouH  .lirt-ctions 
iii.i   will  Vkj  Hcattered. 

It  is  by  ineuns  of  this  scatton-d  light  tliat  ohjectH  are  made 
visible  Uy  U8.     When  Bunlicjht  is  letiected  by  a  mirror  int«) 
your  ^yes  you  do  not  see  th.'  mirror  but  the  image  of  the  sun 
formed  by  the  mirror.     Again,  if  a  beam  of  smdight  in  a  ihuk 
roo.n  falls  on  a  plate  of  polishe<l  silver,  practically  the  entire 
iM.im  is  diverted  in  one  definite  direction,  and  no  light  is  given 
to  surrounding  lK,dies.     But  if  it  falls  on  a  piece  of  chalk  the 
li-bt  is  ditius.-.!  in  all  directions,  an.l  the  chalk  can  be  seen. 
It'^is  .sometimes  difficu.t  to  see  the  sinootli  surface  of  a   p«md 
surrounded   by  tn.s  an.l  overhung  with  clouds,  as  the  eye 
,onside.-s   only    the  reflected  imnges  of  these  objects;   but  a 
f.u.it  breath   of   wind  slightly  rippling  the   surf.ice.    reveals 
ttn'  water. 

m.  How  the  Eye  receives  the  Light.    An  object  AB  (Fig.  191)  i» 

placi-a  liffore  ii  I'l.ine  mirror  Af-V,  and  the 
,  vc  ..f  tlie  ..kserver  is  at  E.  Then  the  image 
A  ir  is  ea.Hily  ilniwn.  The  li},'ht  which 
rf.aches  the  eye  from  .4  will  appear  to  come 
from  a;  which  is  the  image  of  A  and  which 
is  as  far  behind  MM  as  A  ia  iKsfore  it. 

It  is,  therefor.-,  by  the  pencil  An E  ihfit 
the  point  A  is  seen.  In  the  same  way  the 
p..int  li  is  seen  by  the  small  pencil  lihE,  and 
sinularly  for  all  other  points  «.f  the  object.         F--,^«'„7^-  -  ^'i'^Tp.il;: 

It  will  be  observed  that  when  the  eye  is      mirror, 
vlaced   where   it   is  in   the    fiKure,  the  only 
;,„,,i..n   of    the   nnrror   which   is   used   is  the    small   n^^ce  between  a 

An  interesting  ev-Tcise  for  the  stndent  is  to  dmw  a  figure  showing 
,h..t,  for  a  person  standing  before  a  verticd  mirror  to  see  himself  from 
heivd  U.  foot,  the  mirror  need  be  only  half  his  height. 


i 


.^-^.^-i^ 
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198.  Lateral  InTenion. 


m 

i 

i 


Kio.  192.-Illuitr»tlnB  "lateral  in\er»ioh"  hj  u 
plane  mirror. 


Tlio  imngu  in  a  plane  mirror  ia  not  the  exact 
couiitiipnrt  of  the   ol>jcct   pro- 
ducing it.     The    right  han<l  of 
the    object    becouie»    the     left 
h.uid     of     the     image.      If     a 
printed  page  ia  held  before  the 
mirror  the  letters  are  erect  but 
the     sides     are    interchanged. 
This  effect  is  known  as  Uiternl 
or    side -for  s'nh    inreniun.     By 
V  ritiiig  a   word  on  a  sheet  of 
prvper  and  at   once  pressing  on 
it    a   sheet    of   clean    blotting- 
paper     the     writing      on     the 
hl<itting-i)a|>cr  is  inverted  ;  but 

if  it  ia  held  before  a  mirror  it  is  re-invurtcd  and  can  be  read  as  usual. 

The  effect  is  illustrated  in  Fig.  192,  which  shows  the  image  in  a  plane 

mirror  of  the  word  star. 

PROBLEMS 

1.  Why  is  a  ro..ni  lighter  when  its  walls  are  white  than  when  covered 
with  d.ii  k  pjiper  > 

2.  The  .sun  is  30'  abovi-  the  horizon  and  you  see  its  image  in  still 
water.  Draw  a  di.igram  to  show  tin-  incident  and  reflecte<l  rays,  and  find 
the  values  of  the  angles  of  incidence  and  reflection. 

;?.  An  automobile  with  i>owerful  headlights  is  coming  towards  you, 
but  you  cannot  see  it  well.  Why  I  It  tlirows  its  light  on  a  carriage 
ahead  of  it,  and  the  carriage  is  well  seen.     Explain  why. 

4.  Two  plane  mirrors  are  at  right  angles  to  each  other.  A  ray  of 
light  falls  on  one  under  an  angle  of  incidence  of  30°  ;  it  is  then  reflected 
and  falls  .m  the  other.  Draw  a  diagram  to  show  the  course  of  the  ray 
and  find  the  angle  of  incidence  on  the  second  mirror. 

199.  Spherical  Mirrors.  Soinetimos  wo  use  mirroi-s  wliich 
are  uot  lint,  hut  whose  surfacfs  are  curved— usually  pjvrt^^  of 
spheres.     Consider  a  hollow  metjil  Imll,  and  let  ua  cut  a  round 
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,>i..r,,  cut  of  it.  If  this  is  p..lislR'.l  on  the  inner  surfivce  it  will 
funn  a  concave  mirror;  if  on  the  outer  surface,  a  convex 
mirror. 

The  polished  U^^v\  of  a  silver  spoon  illustrates  the  two  kinds 
.,f  niirroi-s.  The  inner  face  is  a  concave  and  the  outer  a 
convex  niiiTor,  only  in  this  case  the  surface  is  not  a  portion 
of  a  sphere. 

In   Fig.  193  MA  N  represents  the 
section  of  a  sphencal  mirror.     C,  the 

centre  of  the  sphere  from  which  the 

mirror    has    \)i::<.'n   cut,  is   called    the 

rrntre  of  cnrmtii re.     C^f,  CM.  C.Van- 

all  radii  of  the  sphere,  and  the  len<,'th 

C'.4  is  called  the  radius  of  curi-nt are 

,.f  the  mirror.     The  line  C.4.  joining 

the  centre  of  curvature  to  the  middle  of  the  face  of  the  mirror 

is  called  the  princiixd  axi". 

200  Reflection  from  a  Spherical  Mirror.     Let  tis  consider 
first  a  concave  mirror  RA  (Fig.  194).  of  which  C  is  the  centre 

of  curvature,  and  sup^Kise  Qli  is  a 
0       ray  of  light  striking  it  at  It     How 
will  it  l)o  reflected  ? 


Kio.  103.  — A  •*ction  of  uphtrioJ 
mirror. 


Join  CR.     This  is  a  radius  of  the 
K,l  m-iuflectioafro«..concve  sphere,  and  so  it  is  at  right-angles 
mirror.  ^^   ^^^   suifuce.     RC    then    IS    the 

normal  to  the  surface  at  /?,  and  QHC  is  the  angle  of  incidence. 
Now  the  law  of  reflection  states  that  the  angle  of  inculence  is 
,.,,ual  to  th.>  angle  of  reflection,  and  hence  to  obtain  the 
,vM..cted  rav  we  must  draw  the  angle  N/2C  e(iual  to  the  angle 
QRC.  Then  SRC  is  the  angle  of  n-flection  and  RS  is  the 
reflected  ray. 
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Next,  let  us  take  ft  convex  mirror  RA  (Fiij.  195X  the  right- 

IuukI  face  as  seen  in  the  ti<jure 
hein;;  the  j)o!i.she(l  one.  Qli  is  an 
inciih'nt  my  of  li^ht.  Joininj^  C  to 
II  ami  prothicinij  it  we  obtain  the 
noi'iiDil  to  the  minor  at  R.  Tlien 
(hawin"  RS  so  that  it  makes  the 
Fio.  196. -Reflection  from  a  convex      same  ani'le  uith  the  normal  as  OR, 

iiiirtAr  ^  ^ 


niirtor. 


we  1,'et  th(;  rellected  ray. 


T'.TwrriBW.--\\'ith  compasses,  ruler  ami  protractor,  ilniw  reflected 
rays  for  rays  incident  on  both  concave  and  convex  mirrors  in  various 
directions. 

201.  Principal  Focus.  Consider  ajjain  a  concave  mirror 
RA  (Fig.  19(i),  and  let  a  ray  QR  fall  on  it  in  a  direction 
parallel  to  CA,  the  ])rinei|)al  axis. 
RC  is  the  normal,  as  bt'l"<»r(>,  and 
drawin<j  /^S'  so  tliat  the  anj^le  of 
reflection  SRC  is  equal  to  QRC,  the 
anj^le  of  incidenci-,  we  have  RS  the 
retleetfd  ray.  It  cuts  the  principal 
axis  at  /',  and  it  can  be  proved  that 
i^is  approxi^uately  half-way  between  A  and  C. 

If  iii.stead  of  a  sinj^le  ray  we  have 
a  small  beam  of  rays  parallel  to  the 
principal  axis  (Fij^.  197)  strikin;;  the 
mirror  near  .1  they  will  all  come 
too'cther  at  F.  The  point  where  rays 
of  li<,d»t  come  to<,'ether  is  called  a 
f(H')ts,  and  in  this  ca.se,  where  the 
rays  before  retlect  ion  were  parallel  to 

the  principal  axis,  the  point  F  is  called  the  jmnciind  fociu* 

of  the  mirror. 


Kid  l^KS-'Pie  rn.v  <?ff.  parallel 
to  the  ptiiitipal  axis  AC,  on 
rtflection  paiwes  through  the 
principal  focus  F. 


Fio.  PC-  A  beam  of  ray* 
parallel  to  the  priinipal  axi» 
pa»«-i),  orirerte<'tii>n,  thiouirh 
/■',  the  prim  HLil  fotUH. 


H 
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For  the  retlected  mys  to  pa«s  aecuraU.ly  through  F  the 
iH,.i.lcnt  mvs  shouM  not  striko  the  .nirror  far  fronwl.  K  one 
.I0..S.  ^^s  QJ>(Fig.  ll»8)th.  reflected  ray  will  croHS  the  prmcpal 
uxis'at  G,  a  little  distance  from  F. 

Exercise -To  tc.t  these  results  l.oM  a  cncvo  ,nim.r  in  the  sun*. 

....!T^T^.r.m  bo..  f.om  .  projc.tin«  lau.p  and  Hljake  chaiW-.h.t  u. 

:X  V;  see  the  p.h  ,.f  .he  h«ht  th.u.h  the  air.     Ti...  .t  conver.^ 

,.,tho  principal  f.K^UH  an.l  after  that  spread.  «n,t  agam  (F.g    10-  •      "y 

hlu;:;:^' .f  pai^r  at  the  principal  focu.  it  n.ay  ho  .et  on  fire  hy  the 

sun's  rays. 

Next  c..t. roun.1  M>  in  .  I-oc.  ..f  l«.|»r  «„.l  pWe  it  o.cr  tl»  mirror 

will  n-.w  he  foun.l  to  cine  more  accurately 
t..  a  iH.int  than  when  the  whole  mirror  and 
a  large  heani  were  used. 

Lastly,  try  a  convex  mirror  in  the 
s.ame  way.  The  light  after  reflection  fr.-tn 
the  mirror  is  sj.read  out  a.s  shown  in  Fig. 
108.  In  this  case  the  reflected  rays  do 
not  come  to  a  point  at  all,  hut  if  we 
;:!d:rthem  iJckwards  they  will  p..s  through  F,  half-way  between  C 
and  .4,  which  is  the  princii«l  focus  of  the  mirror. 

In  the  case  of  the  concave  mirror  the  rays  upon  reflection 
actUHlly  PUSH  throujrh  F,  which  is  said  to  be  a  r.aHocus-  m 
the  convex  mirror  they  only  appear  to  come  from  F,  and  it  I8 
called  a  virtual  focus. 

Convex  Tuirrors  are  not  of  great  practical  use.  If  you  look 
int«  one.  the  images  you  see  are  always  snuUler  than  the 
ol.iects  pnxlucing  them  and  they  are  indiind  the  nnrror.  Some 
.uitomohiles  have  convex  mirrors  for  the  chauffeur  to  see  what  is 


Fio.    198.-Showlnir   rffteotion   of  > 
IKirallel  Itemi »"""  »™n*»«  mirror. 


<'oin<'  on  behind  him. 
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Fiu.  imt.-  If  aioimeof  liifht 
ii  plartti  at  the  |>riiici|>al 
(oi'iiii  ol  a  hfinixpherinti 
mirror  the  oiitvr  ravii 
com  tree  anil  aflerwarria 
diverge  auain. 


202.  Parabolic  Mirrors.  Vou  hnvc  nil  neon  how  fnr  a 
Hctiich light  or  tho  hca<llijjlit  of  an  automoMIe  or  a  locomotive 
can  throw  its  light.  Thin  is  <hie  to  the  fact 
that  the  rays  are  projoctefl 
out  in  aliiioHt  a  perfectly  par- 
allel iK'ani,  and  as  it  docs 
not  spread  out  it  preserver 
its  strength  for  n  long 
distance. 

Fio.    2(10.  -  How    a 

How  is  it  imxlnced  ^      Ix't       |>araMio  reflector 
'  >ien<1«  out  parallel 

US  place  a  candle  at  the  '•>•• 
prin('i[)al  focus  of  a  concave  mirror  which  is  fjuite  a  large 
fraction  of  a  sphere  (Fig.  100).  Those  rays  which  strike  the 
mirror  near  its  centre  go  off  jKirallel  to  the  principal  axis,  hut 
those  .striking  the  mirror  near  the  outer  edi'e  converL'c  some- 
what.  The.se  rays  will  come  together  to  a  focus  and  then 
spread  out  again. 

Now  a  parabola  is  a  curve  which  exactly  overcomes  this 
ditliculty.  All  rays  which  start  out  from  its  principiil  fcjcus 
will  1h'  reflected  panillel  to  its  axis  (P'ig.  2itO).  Searchlight 
and  headlight  mirrors  are  given  this  parabolic  fonn. 
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Fio.  2()l. 


Th«  itMli  apixftni  l.roken  »l  lh« 
nirtare  ol  th*  w»Ur. 


Refraction 

203.  Familiar   Examples  of  Eeflraction.     Everjone   has 
observed  the  peculiar  appearance  of  an  oar  or  a  ntick  when  it 
is  heltl   in   the  water  so  as  to 
make  an  ohliijue  anj;le  with  the 
surface.     Just  at  the  surface  the 
slick  is  abruptly  bent  as  shown 
in  Fig.  201.     From  this  fi^jun- 
we  see  that  a  pencil  of  light-rays 
starting  from  any  point  on  the 
stick,  upm  coming  out  of  the  water  is  bent  downwards  and 
then  g(H.s  along  to  the  eye  as  if  it  had  started  fron.  a  iK>.nt 
higher  up  in  the  water.    The  figure  shows  the  course  <.f  the 
rays  and  why  the  stick  seems  bent. 

Another  simple  and  interesting  experiment  is  the  following: 

Place  ft  c.in  PQ  (Fig.  202)  «n  the  »x.tU.ra  of  an  empty  bowl  or  other 

opaque  vessel  and  then  slowly  n.ove  hackward^  until  the  com  ih  ju.t 

^^  hi.lden  from  your  eye  by   the   wall  of  the 

vessel.  Now  wliilo  you  keep  in  this  position 
let  some  one  pour  water  into  the  vessel. 
Tlie  coin  becomes  visible  again,  api>earing 
in  the  position  PV.  Also,  the  l)ottom  of 
the  vessel  seems  to  have  risen  and  the  water 
looks  shallower  than  it  really  is. 

The  reason  foe  this  is  easily  understood 
from  the  firure.  Ray.  of  light  sUrt  from  <?,  go  up  to  R,  at  the  surface  of 
tho  water, "and  on  cou.ing  out  into  the  air  are  bent  downward.  NNhen 
they  reach  the  eye  E  they  ap,>ear  as  if  they  had  come  fron*  Q . 
Sinilarly  rays  which  started  from  P  when  they  leave  the  water  move  as  if 
they  had  started  from  F.  Hence  the  coin  PQ  appears  to  be  m  the 
iwsition  P'(^.  . 

This  bonding  or  breaking  of  the  path  of  a  ray  of  light  is 

called  refraction. 
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Fio.  80*.— Th«  bottom  ol  the  \tmti 
appean  niaed  up  by  ref  raoUon 
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FlQ.  20;t.— IlliistratiriK 
refraction  fruiuair  to 
water. 


204.  Meaning  of  Refraction.  By  means  of  a  mirror  let  us 
relK'ct  a  beam  from  the  sun  or  from  a  projecting  lantern  down 

upon  tlu'  surface  of  water.     Suppose  that 

it  ^^jes  alon«j  PA  (Fij(.  203).     At  .1,  where 

it  reaches  the  water,  .some  of  the  light  will 

be  reflected  up  into  the  air  again,  while  a 

portion   will  enter  the  water.     Let  AQ  be 

tlu!  line  alon"'  which  it  moves.     Then  PA 

is  the  inciflent  ray  and  AQ  the  refracted 

ray.     At  A  draw  tlie  normal,  that  is,  the 

peipendicular  line,  to  the  .surface.     Then  i, 

the    angle    between  the    incident  ray  and 

the    normal,  is    called   the    amjle    of  iiiciibiice,    and    r,  the 

angle  Ix^tween  the  refracted  ray  and  the  normal,  is  called  the 

anijlc  of  rt'f ruction. 

In  the  figure,  which  repre.sents  light  pjussing  from  air  into 
water,  the  angle  /•  is  smaller  than  i.  The  angle  of  refraction 
is  always  smaller  than  the  angle  of  incidence  when  the  .second 
medium  is  denser  than  the  first  one. 

Suppose  now  the  light  to  Ixi  moving  in  the  opposite  direc- 
tion, that  is,  from  water  out  into  air.  Let  it  start  at  Q,  reach 
the  surface  at  ^1,  and  thence  pass  out  into  the  air.  It  will 
move  aloni;  A  P.  In  this  ca-sc  the 
anufle  of  incidence  is  r,  and  it  is 
smaller  than  the  angle  of  refracti(jn  i. 

205.  Refraction  through  a  Plate. 

Next,  let  us  trace  the  coiU'.se  of  a  ray 
of  light  through  a  glas^s  jtlate.  In  the 
air  it  is  at  first  moving  along  PQ,  (Fig. 
2()1-),  the  angle  of  incidence  In-ing  i. 
On  entering  the  glass  at  Q  it  goes 
along  QR,  the  angle  of  refraction 
being  r.     At  li  it  comes  out  into  the  air  again  and  moves 


Fio.  204.— .ShowiiiK  the  counc  lA 
a  ray  of  Ught  through  •  glMi 
plate. 


REFRACTION    THROUGH   PRISMS 
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..d.,ncr  Its.    In  this  second  refnuition  the  an-le  of  inci.lencc  is  r 
jui-Uhe  m)j,'lo  of  refraction  is  ;.  ^  „,.     ufU 

Tlie  direction  it  takes  on  coming  out  is  parallel  to  that  it 
l,ad  lK.fore  enteri.ig  the  plate.  The  plate,  tlien,  .loes  not  change 
the  direction  of  the  light,  but  just  disphtces  it  to  one  si.le 

Lay  a  ..iece  of  thick  plate  glass  over  a  line  drawn  en  ,>ap«r,  «o  that  » 
....rtiun  of  the  lino  can  be  seen  l^esiJe  the  plate,  a  ,K.rt.on  through  it. 
S  linetiJl  ap,.ar  to  he  broken,  that  part  seen  through  the  glas.  be.ng 
aispl.iced  somewhat. 

206.  Refraction  through  Prisms.  A  prism,  as  used  m  the 
study  of  light,  is  a  ^vedge-shaped  piece  of  glass  or  other 
t..ansparent  substance  contained  between  two  plane  faces.  Tie 
.„.de  Ix^tween  the  faces  is  cdled  the  refr^ictivg  angle,  and  the 
line  on  which  the  faces  meet  is  the  edge  of  the  pnsm. 

In  Fi-  205  is  shown  a  section  of  a  prism  whose  refmctmg 
,u.gle  /'is  60'.     Let  us  follow  the  path  of  a  ray  of  light 
through  it.     First  it  moves  in  the 
air    along   PQ,   and    entering    the 
prism   at  Q  is  refracted  so  as  to 
move  along  QR.   Upon  reaching  the 
surface  at  R  it  is  refracted  out  mto 
Ihc  air  again,  finally  moving  off  in 
the  direction  RS. 

Thus    PQ    18   the    direction    in  ,.      ..        * 

.hich  the  light  was  moving  at  ^-t.  and  /^.S  the    .ration  a 
last.     Continuing  these  two  lines  until  they  meet,  D  is  the 
an^le  between  them.     This.  then,  is  the  angle  through  which 
the  light  hits  been  turned  or  deviated  by  the  pn.sm. 

QUESTIONI 

1  Looking  into  a  l>ail  of  water,  the  bottom  of  the  pail  appear, 
raised  above  the  table  on  which  it  rests.     ExpUin  why. 

2.  A  ray  of  light  strikes  on  the  surface  of  glass.  Draw  a  figure 
show  in- the  reflected  and  the  refracted  ray.  ,     ,    „  „# 

3  In  spearing  h«h  one  must  strike  lower  than  the  apparent  place  of 
the  fish.     Draw  a  figure  to  expkin  why. 


Kio.  206.— The  pftth  ol  Ught  through 
a  prinn. 
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4.  Explain  tlie  wavy  appenrancu  seen  abuve  liot  bricks  «>r  rocks. 

5.  A  strip  of  gl;t8«  is  laiJ  over  a  lino  on  a  piiper  (Fig. 
206).     When  observetl  obli(|iiely  the  line  appears  broken. 

Kxplain  why  this  is  so. 

I  6.     The   illumination   of   a   r(K>m  by 

f   \     'fl  <layH),'ht  depends  to  a  great  extent  on  the 

I     I     fJ  amount  <if  daylight  which  can  enter.   Show 

I  why  a  plate  of  prism  ghuss  ha\  ing  a  section 

■  such  as  shown  in  Fig.  207,  placed  in  the 

Kio.  •-•06.— Why  does  upjief  jmrtiim  of  a  window  in  a  store  on  a    fio.  20T.  —  Th« 

broken"'    ^^^"  narrow  street,  is  more  effective  in  jllumin-       [i"oa'SS?.°" 
ating  the  store  than  ordinary  plato  glass. 

207.  Lenses.     The  most  iiniK>rtanfc  application  of  refraction 
is  in  lenses.     Tlifir  ditierent  shapes  are  shown  in  Fi^.  208. 

They  are  ahnost  always 
JiiJide  of  jjlass  and  their 
surfaces  are  either  flat 
or  portions  (»f  spheres. 

Now,  although  six 
different  tyjjes  are  shown 
in  the  ligme,  they  may 
be  divided  into  two  clas.ses:-(l)  convex  Icn.ses,  or  those  thicker 
at  the  centre  than  at  the  edjro,  and  (2)  concjvve  lenses,  or  those 
thinner  at  the  middle  than  at  the  edge. 

208.  Action  of  a  Lens.  Hold  a  convex  lens  in  a  beam  of 
sunlight  or  in  a  parallel  beam  sent  out  by  a  projecting  lantern. 
The  light  is  refracted  on  passing 
through  the  lens.  The  r;iy 
which  passes  through  the  centre 
of  the  lens  is  not  bent  from  its 
course,  but  all  tlie  others  are, 
those  passing  through  near  the 
outer  edge  Ixing  Ixnt  most  of  all.  The  con.sequence  is,  the 
rays  are  brought  together  to  a  point/"  (Fig.  209)  which  is 
called  the pr i  lie i J xd  flic u>*,  and  the  distance  from  F  to  the  lens 
is  called  the  focal  length  of  the  lens. 


l>>mbli>-      riano-      L'oncivo- 
COQTOX      convex      convex 


D*>uble-      rUiio-     4'«Mivexr> 
coiicmve     coiirave  concave 

Via.  208.— Lenses  o(  different  types. 


Fio.  209. 


Parallel  nys  conveiv*d  to  the 
principal  focus  F. 


USES  OF  LENSES 
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The  airections  of  the  rays  can  l)c  shown  by  scattering  chalk- 
duHt  in  the  air.  and  if  when  you  are  using  sunhght  you  hold  a 
piece  of  paper  at  F  a  very  bright  spot  wdl  l)e  seen,  and  the 
paper  will  probvbly  Ikj  set  on  tire. 

Next,  try  a  concave  lens.  By  it  the  light  is  not  bro"ght  to 
a  point,  but  is  diverged,  or  spreivd  out.  a.s  shovvn  m  F.g^  2  0^ 
If  we  produce  these  diverging  rays  backwards  they  n>eet  at  a 
point  F,  which  is  the  principal  focus  of  - 

the  lens.     The  rays  on  leaving  the  lens 
move  w  if  they  came  from  this  point ;  " 
however,  us  they  do  not  really  do  so.  but 

1  „   *^    ilwi    f<rf>im   i^   .said   to   be    f,o    210 -in  »  dlventlng  the 

only  appear  to.  the  locus  is  hjhu  «-  '  princip«Hocu.  f  u  vinuu. 

virtual.     In  the  convex  lens  the  focus  ,    f         *u« 

L  real.     The  .lisUnce  from  F  to  the  lens  is.  as  before,  the 

focal  length  of  the  lens. 

209.  How  to  find  the  Focal  Length.  In  tlu.  cvse  of  the 
corex  lens  this  is  easily  done.  Hold  it  in  the  sunlight  and 
ftd  where  the  light  comes  together  to  a  focus  ^>y  vec.v.^^^^^ 
on  paper  or  ground  gl.v.ss  and  moving  he  W^J^^^^ 
forth  until  the  brightest  and  smallest  spot  is  obtained.  Then 
measure  the  distance  from  it  to  the  lens. 

If  the  8U.iliM,t  is  not  available,  a  lamp  at  a  considerable 
dista„cc?o;a  Window  at  the  other  side  of  the  room  may  be 

1186(1 

The  shorter  the  focal  length  is.  the  more  i)owerful  the  lens 
is  said  to  be. 

210.  U.e.  of  Leme..  !«  our  telescopes  .nicroscop^. 
e«„,el  .u.a  other  optie...  instrument,  the  lenses  asual.y 
form  the  cliief  part. 

How  a  convex  lens  a  little  distance  from  a  candle  or  other 
bright  source  and  receive  the  light  that  pa.,se,  throngh  the 
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lens  on  a  piece  of  paper.     At  a  certiiin  distunce  there  will  be 

I'onnt'd  on  the  paper  an 
inia^^e  hmcIi  as  is  shown  in 
Fit;.  211.  Hy  njovintr  the 
lens  iiL-ari-r  to  or  further 
from    tiie   candle,  we   can 

Fio.  21I.-An  optital  bench  for  •tudjintf  obtain       the      iniagC     at 

itatge.  diHV-rent    distance-s.      The 

further  the  inmjje  is  from  the  lens  the  larjjer  it  is. 

The  simple  microscope  or  mai^nifying  gliuss  is  a  convex  lens, 
and  the  way  it  acts  is 
shown  in  Fig.  212.  The 
object  PQ  to  be  magnified 
is  placed  near  the  lens 
which  is  held  near  the  eye. 
The  light  from  PQ  pas.ses 
through  the  lens,  and  when         ^i,^' 

it  enters  the  eye  it   appears    y,o.  gli-Diagram  illuitntlng  the  action  o(  th« 
,  .         ■  1  •   i_  simple  microacom. 

to  have  come  from  pq  wluch 

is  the  image  of  PQ  and  which  is  larger  than  £'Q. 

A  camera  is  illustrated  in  Fig.  213.     In  the  tube  A  is  the 
lens,  and    at   the   other  end   of   the  apparatus   is  a  frame  C 

containing  a   piece   of   ground  gla8.s. 
By  means  of  the  bellows  B  this  is 
6  ^^l^^t^^MW    l^iM        >«»oved  back  and  forth  until  the  scene 
®     I'  1     i        \ri        to  be  photographed  is  shai-ply  focus.sed 

on  the  giound  ghuss.     Then  a  holder 

containing  a  sen.sitive  plate  or  tiim  is 

inserted  in  front  of  the  frame  C,  the 

sensitized  surfjiee  taking  exactly  the 

position   previously  occupied    by   the 

ground  surface  of  the  gla.ss. 

The  exposure  is  then  made,  that  is,  light  is  admitted  through 

the  lens  to  the  sensitive  plate,  after  which,  in  a  dark  room,  the 

plate  is  removed  from  its  holder,  developed  and  fixed. 


Fio.  2ia.— A  camera. 


Klu  214.-LiKht  entert  throuifh  •  hole  in 
"h.  «in.low.hutUr.  P— ".  throuKh  . 
prim  »Dd  i«   Moelved   on   the   oppo««« 


CHAPTER  XXIX 

The  Si'Fxtri'm;  ('ow)UR 

211.    Newton's  Experiment  with  a   Priam.    M^mi    2.50 
ynus  ajio  the  jireat  En-lislunan.  Sir  Is;uvc  Newton,  iH,.rfornK-.l 
an    experinient     which     you 
should  try  tt)  repeat.     Allow- 
in- <•  sunlight  to  eut«r  a  room 
throujjh  a  sniallholein  a  win- 
dow  (shutter   or  in  the  wall, 
place  a  glass  prism  in  the  path 
of  the  U-am,  as  shown  in  Fig. 
214.     Now  if  the  prism  were 
away   the  light   would  move 
on   in  a  straight   line,  shown 
dotted  in  the  figure,  and  form  on  the  opposite  wall  a  bright 
white  image.     On  pa.s.sing  through  the  prism    howeN-er.  it  is 
turne<l   from   this   line,  but,  in   addition,  a  beauUfnl  oblong 
coloured  image  is  seen  on  the  wall.     That  end  of  the  image 
which  is  furthest  from  the  original  direction  of  the  light  18 
violet,  the  other  end  is  re<l. 

This  coloured  image  is  called  the  f^pectrum  of  sunlight  and 
on  closely  examining  it  we  see  all  the  colours  of  the  rainbow, 
which  are  usually  given  as  follows  :-red,  orange,  yellow. 
<rreen,  blue,  indigo,  violet. 

"  It  should  be  noted,  however,  that  there  are.  not  seven 
separate  coloured  bands  with  definitely  markecl  dividing  lines 
lH.tw.en  them.  The  adjoining  colours  blend  into  each  other 
and  it  is  impossible  to  s,vy  where  one  ends  and  the  next  begins 
Very  often  indigo  is  omitted  from  the  list  of  colours,  as  not 
being  distinct  from  blue  and  violet. 
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Fn»in  Newton's  expciiiiicnt  \v«'  conclude  : 

(1)  Tliiit  white  li;,'ht  is  not  siniplf  hut  coniposit*',  that  it 
inchidcs  constituents  of  many  colours. 

(2)  That  these  colouix  may  he  separated  by  paswin^  the 
li^ht  throuf^h  a  prism. 

(3)  That  Hjjhts  wliicli  differ  in  colour  diHer  also  in  the 
amount  V)y  wliich  they  are  refracted,  violet  beinij  refracted 
most  and  red  least. 


212.  A  Pure  Spectrum. 


t  is  often  inconvenient  to  use 
sunli<;ht  for  this  experiment, 
and  wo  may  substitute  for  it 
the  li<^ht  from  a  projecting 
lantern. 

A  suitable  arraniiement  is 
illustrated  in  Fi<,'.  215.  The 
\\}r\\t  emer<;es  from  a  narrow 
vertical  slit  in  the  nozzle  «jf 
the  lantern,  and  then  pas.ses 
throutjli  a  conver<jin<^  lens,  so 

F'lo.  215.-8howinK  how  to  prfnluce  a  pure        placed    tll.'lt   ail     image    of    tllC 

Silt  IS  produced  as  far  away 
as  is  the  screen  on  which  we  wish  to  have  the  spectrum. 
Then  a  prism  is  placed  in  the  path,  and  the  spectrum  appears 
on  the  screen. 

You  should  notice,  however,  that  this  is  the  spectrum  of  the 
electric  light  (^or  whatever  light  we  are  using  in  the  lantern), 
not  of  sunlight.     Each  source  of  light  has  its  own  spectrum. 

The  spectrum  produced  in  the  way  just  described  is  purer 
than  that  ubtaiin  d  by  Newton's  simple  metliod,  that  is  the 
colours  are  more  clearly  separated  from  each  other. 
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Fio  'Mfl.— A  r«rf  k\»»»  traniinUi  only  r«d 
and  loiiie  onngr. 


213  Colours  of  Natural  Objects,  li  you  look  throvj^l*  a 
piece  of  red  Kla..s  at  a  can-lle  or  at  the  Hky.  these  ohjects 
Lpear  red.  A  piece  uf  riblKm.  exanune<l  in  or.h.mry  hj,'ht 
looks  red.  U-t  us  try  to  find  out  the  re.i«on  for  these  colours. 
Arrange  the  projecting  la,n,,  ns  shown  in  Fig.  213  but  fi^"'  of  all 
K..ve  out  tL  i.risn..  Th«  Ught  «...  goes  straight  furwan  h„.1  on  «  screen 
i.  Hh..wn  a  bright  white  in.age  of  the  narrow  sht  .a  the  '-«  ^^  V^^ 
l,u.t.rn.  Now  in  front  of  the  slit  hohl  a  ,...>ce  of  re<l  gh.ss.  H.e  unage 
on  the  screen  is  red  now.     What  ha.s  the  gla«s  done  to  the  light  1 

Removing  the  red  gla8«.   phvce  the  prism  in  iM.sition  a,  -l'"^"  j" 
Fig.  213  and  get  the  spoctnnn  o,>  the  screen.     All  the  colours  fn.m  red 
to  violet  are  present  as  represented  in  the  upper  part  of  tig.  ^10- 
Again  hold  the  red  gla-ss  over  the  slit. 
The  p.rtit.n  of  the  tpectrum  now  on  the 
screen  is  the  red,  with  i>erhaps  a  little 
of   the   orange   (Fig.    216,   lower   iwrt). 
All  the  rest,  namely,  the  yellow,  green, 
blue    and    violet    i>ortion8,  have    been 
absorbed   or    suppressed  by  the   ghuss 
Toe  lour  is  print  not  because  the  gla.s.s  h.s  brought  any  hmg  new 
ho  t"     light  iut  l>ecause  it  has  ren.oved  son.e  of  tbe  i>artH  wh.ch  make 
:;white  light,  and  those  which  are  left  combined   together  gtve   the 
colour  seen. 

Next,  let  «,  examine  the  red  ribbon.     P. -luce  the  spectrum  on  the 
screen  as  before  and  then  hold  the  riblK,n  in  the  different  parts  of    h^ 
rium  in  succession.     When  held  in  the  red  it  apijean,  red,  Us  naU.ra 
colour,  but  when  held  in  any  other  portion  .t  looks  »^»-J'  /J^J^  "»•  Jj 
shows  no  colour  at  all.     This  tells  us,   then,  that  a  red  object  .s  red 
bluse  it  absorbs  light  of  all  ..ther  colour,  and  reflects  or  scatters  oaly 

the  red. 

In  order  to  produce  this  absorpticm  and  scattering,  however  the 
li.dU  must  penetrate  some  distance  into  the  ..bject,-not  very  far.  indeed, 
but  yet  far  enough  for  the  absorption  to  Uke  place. 

Similarly  with  green,  or  blue,  or  violet  r=M.on.  ;  but,  as  in  the  case 
of  the  coloured  gla.s«.  the  colours  will  usually  l>e  far  from  l'"-  J''"^  * 
.,,,,  riblK>n  ^i!l  nnlinurily  refl-.-t  s.,me  of  the  violet  and  the  green, 
though  in  red  light  it  will  probably  appear  quite  black. 
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Let  us  think  for  a  iiioiiiciit  wlmt  happens  whon  HunHghi 
falls  on  various  natural  objects.  Tho  rose  an«l  the  poppy 
appear  red  Ix'caust!  they  reflect  mainly  red  lijjht,  al>8orl)injj 
the  other  colours  of  tho  spectrum.  Leaves  and  ^ass  appear 
green  Iwcnuse  they  contain  a  green  colouring  matter  (chloro- 
phyll) which  is  abltj  largely  to  absorb  the  red,  blue  and  violet, 
th(!  sum  of  the  remainder  In'ing  a  somewhat  yellowish  green. 
A  lily  appears  white  because  it  retleets  all  the  component 
colours  of  white  light.  When  illuminated  by  red  light  it 
appears  red  ;  by  blue,  blue. 

A  striking  way  to  exhibit  this  absorption  eHect  is  by  using 
a  strong  .smliuin  tiame,  that  is,  a  Hunsen  tlame  in  which  sodium 
is  burnt,  in  a  well-darkened  room.  This  light  is  of  a  pure 
yellow,  and  bodies  of  all  other  coloui-s  appear  black.  The 
flesh  tints  are  entirely  aUsent  from  the  face  and  hands,  which, 
on  this  account,  jjresent  a  gha.stly  aj)pearance. 

We  see,  then,  that  the  colour  wliieh  a  Inxly  exhibits  depends 
not  only  on  the  nature  of  the  lx>dy  itself,  but  also  U|x>n  the 
nature  of  the  light  by  which  it  is  seen. 

At  sunri.se  and  sunset  the  sun  and  tlu!  bright  clouds  near  it 
tJike  on  gorgeous  red  and  golden  tint.s.  The.se  are  due  chiefly 
to  absorj)tion.  At  these  times  the  sun's  rays,  in  order  to  reach 
us,  have  to  pass  through  a  greater  thickness  of  the  earth's 
atmospheie  than  they  do  when  the  sun  is  overhead,  and  the 
colours  at  the  blue  end  of  the  sp'^ctrum  are  more  al>sorV)ed  than 
the  red  and  y<'llow,  which  tints  therefore  are  the  cluef  ones 
seen. 

214.  Recomposition  of  White  Light.  We  have  considered 
th(.'  decom{K)sition  of  white  light  into  its  con.stituents ;  let  us 
now  explain  several  w^ays  of  porforuting  the  operation  of 
recombining  the  .spectrum  colours  to  obtain  white  light 
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Tm.  tl7.-Th«  tecoiid  pH«» 
oounUracU  th«  On*. 


(1)  If  two  similar  prismH  are  placed  a«  shown  in  Fig.  217, 
the  secon.l  prism  simply  reverses  the 
action  of  the  first  and  restijres  white 
lifjht.     The   two   prisms,   indeed,   act 
like  a  thick  plate  (§  205). 

(2)  By  means  of  a  large  convex 
lens  nreferahly  a  cylin«lrical  one  (a  .  .  ,.  , 
tull  ll-aker  filUKl  with  waU-r  answers  well),  the  hght  d-pei-d 
by  the  prism  n.ay  l>e  ccnverjied  and  unit..l  .igam.  Ihe  unage. 
when  properly  f(«ussed,  will  Iw  white. 

(3)  In  each  of  the  al)ove  cases  the  coloured  lights  are  mixed 
together  outside  the  eye.  E.ich  colour  gives  rise  U>  a  colour^ 
sensation.  A  n.ethod  will  now  X.  explained  whereby  tie 
various  colour-sensations  are  combintnl  w.thm  the  eye.  The 
niost  convenient  metho.1  is  by  .neans  of  Newton  s  d.sc.  which 
TsistHof  a  circular  disc  of  cardboanl  on  wh.ch  are  pasted 
sLtors  of  coloured  paper,  the  tints  and  sizes  of  the  sectors 
b'ing  chosen  so  as  to  correspond  as  nearly  as  possible  to  the 
coloured  bands  of  the  spectrum. 

Now  put  the  disc  on  a  whirling  m.vchine  (Fig.  218)  and  set 
it  in  rapid  rotation.     It  appears  white,  or  wh.tish-gray.     This 
is  explained  as  follows : 

Luminous  impressions  on  the  retina  do  not 
vanish  instantly  when  the  source  which  excites 
the  sensation  is  removed.  The  average  duration 
of  the  impression  is  ,V  second,  but  it  vanes  with 
different  people  and  with  the  intensity  of  the 
impression.  If  one  looks  closely  at  an  incandes- 
cent electi-ic  lamp  for  son.e  time,  and  then  closes 
his  eyes,  the  impression  will  stay  for  some  time 
'itJ^o^.'^^K  perhaps  a  minute.  With  an  intense  light  it  will 
"""'""'  last  longer  still.     With  a  very   strong  light  it 

may  injure  the  eye. 
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If  a  livo  cortl  on  the  i'ikI  of  a  wtick  in  whirled  a))out,  it 
upjieiii-H  UH  H  luminous  circh- ;  and  the  brijjht  Htr«>ak  in  the  hky 
pnxliiced  by  a  "shootinj;  star  "  or  by  a  rising  nxiket  \h  due  to 
this  persistence  of  luminous  impressiotis.  In  the  same  way, 
we  cannot  detect  the  individual  HjM)kes  of  a  rapidly  rotating 
whc(!l,  but  if  illuminatefl  l)y  an  electric  spark  we  see  them 
distinctly.  The  duration  of  the  spjirk  is  so  short  that  the 
wheel  dcx'S  not  move  appreciably  while  it  is  illuminated. 

In  the  familiar  "  moving  pictures  "  the  intervals  l)etween 
the  successive  pictures  are  aljout  /^  .second,  and  the  continuity 
of  the  motion  is  perfect.  One  comes  on  before  the  previous 
one  has  disap[)eare<l. 

If  then  the  disc  is  rotated  with  sufficient  rapidity  the 
impression  pnxluced  by  one  colour  doe.s  not  vanish  before 
thase  pnxluced  by  other  colours  are  received  on  the  same 
portion  of  the  retina.  In  this  way  the  impression.s  from  all 
colours  are  present  on  the  retina  at  the  sjime  tinte,  and  they 
make  the  di.sc  apjH-ar  of  a  unilonn  whitish-gray.  Tliis  gray 
is  a  mixture  of  white  and  black,  no  cohnir  being  present,  and 
the  stron;4er  the  light  falling  on  the  disc  the  more  nearly  does 
it  approach  pine  white. 

QaSSTIOHS 

1.  A  ribbon  purchased  in  daylight  appeared  blue,  but  when  seen  in 
gas-light  it  l<K)ked  greenJHh.     Explain  this. 

2.  One  piece  of  glana  api)ear8  dark  red  and  another  dark  green.     On 
holding  them  together  you  uinnot  see  through  them  at  all.     Why  is  thial 
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216  Natural  Magnets.     In  various  couutrios  there  is  found 
an  ore   of   imn    which   p.ss,.s.s..s  tho   remarkahle   power  of 
attracting  snmll  hits  of  iron.     Sia-ciuK-ns  of 
this  i.re  are   known  as   ixitui-ol    „t<nj,>pt». 
This  name  is  .l.trive.l  from  NhiKiu'sia.  »  town 
of  Lydia,  Asia  Minor,  in   the   vicinity   of 
which  the  ore   is   supposed   to   have  been 
ahundunt. 

If  dipiMMl  in  iron  tiVxu^  many  will  cling 
to  it,  and  if  it  is  suspended  hy  an  untwisted 
fil.ro  it  will  come  to  nst  in  a  definite 
position,  thus  indicating  a  certain  direction. 
On  account  of  this  it  is  known  also  as  a  hMle^tonc,  {i.e.,  .eading- 
titone)  Fig.  219. 

216.  Artificial  Magnets.  If  -x  piece  of  steel  is  stroked  over 
a  natural  magnet  it  U-comes  itself  a  n.agnet  There  are. 
however,  other  and  nmre  convenient  metho^Is  of  n.agnet.zu.g 
nieces  of  steel  (§  24H),  and  as  steel  magnet«  are  nnich  more 
Lwerful  and  more  convenient  to  handle  than  natural  ones, 
they  are  always  used  in  exiKjrimental  work. 

Permanent  steel  magnet*  are  usually  of  the  l«r.  the  horse- 


rio.  230.— B«rr.^<4(ntU. 


Fio.  » 18. -Iron  Ming* 
cling..ig  to  •  iwtunl 
miffnct. 


shoe  or  the  compass 
<>2i  222 


no  «21.-A  hor»e  shoe  magnet. 

-needle  shape,  as  illustrated  in  Figs.  220, 
187 


Pi 


188 


MAGNETISM 


:* 


It 


217.  Poles  of  a  Magnet.  Scatter  iron  filings  over  a  bar. 
iniiifnct.  Tliey  aro  .seen  to  iullien;  to  it  in  tufts  near  tho  ends, 
none,  or  scarcely  any,  K-ing  found  at  the  middle  (Fig.  22.'?). 

The  strength  of  the  magnet  seems 
to  l)e  concentrated  in  certain  places 
near  the  ends ;  these  places  are 
called  the  jivk'S  oi  the  magnet,  and 


Fis.  222.  -A  poiii|iass-nee<lle  magnet. 


Fia.  223.— The  filings  cling  mo«ll)- 
at  the  poles. 


a  straight  line  joining  them  is  called  the  ((xis  of  the  magnet. 
Suspend  a  bar-magnet  by  an  untwisted  thread  so  that  it  can 
turn  freely  in  a  horizontal  plane.  This  axis  will  a.ssumc  a 
detiniti^  north-and -south  direction,  in  what  is  generally  known 
as  the  VKUjnct'u'  meridiov,  which,  in  our  latitude,  is  u.sually 
not  far  from  the  geographical  meridian.  That  end  of  the  magnet 
which  poiirts  north  is  called  the  iwrth-sc'livy,  or  simply  the 
iV-pole,  the  other  the  soiith-sichiiKj  or  >Sf-pole.  Fig.  222  shows 
a  m.'ignet  poised  on  a  pi  vot.  The  combination  is  usually  known 
as  a  comjHiss-nteillfi. 

218.  Magnetic  Attraction  and  Repnlsion.  Let  us  bring 
the  <S'-pole  of  a  bjir-magnet  near  to 
the  iV-pole  of  a  com  pass- needle 
(Fig.  224').  There  is  an  attraction 
between  them.  If  we  present  the 
same  pole  to  the  /S'-pole  of  the 
needle,  it  is  rept-lled.  Reversing 
the    ends  of    the    magnet    we   find 

that     its     X-poIt'     now    attracts    the       "»'"»-< -the  ATpole  of  another. 

N-pole  of  the  nt-eille  but  rept'ls  the  .V-pole. 

We  thus  obtain  the  law: — Lih'  magnetic  jtoU's  irj>H.  unlike 
attract  each  other. 


¥\a.  224.— The  S^pole  of  one  mafmet 
N-vo\tr 
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Exerciae-Magneti^e  two  sewing  uoedlc-s  by  rul.hinR  tlu-m  always 
in  the  s.vno  direction,  again.t  one  ,ole  of  a  .....not.  Thru«t  each  u^ 
into  a  cork  ho  that  the  nee.lle  wUl  float  hor.zont.aiy  ..n  .ater  lace 
one  ..f  the  needle,  <.n  the  water.  lu  what  direction  doe,  .t  se  U.-lf 
Now  ,.lace  the  other  needle  ....  the  wat.r  and  ,ush  .t  over  near  the  hr.t 
one.     Note  the  attractions  and  repulsions. 

It  is  to  be  observed  that  unmagnetized  iron  or  steel  will  l.e  attracted 
by  6..e;.  ends  of  a  magnet.  I.  is  only  when  both  bo.lies  are  n.agnet.zed 
that  we  can  obtain  repulsion. 

219.  Magnetic  Substances.    A  nmgnotic  sttbstance  is  one 

which  is  attracted  by   a   magnet.     Iron    and       

steel  are  tlie  only  substances    which    exhibit     ___ 

ma^etic effects  in  a  marked  manner.     Nickel 

and  cobalt  are  also  magnetic,  but  in  a  much 

smaller  degree.  j.,o  ooj.-a  n»n  ii 

f        htM  near  a  magnet 

220.  Induced  Magnetism.    Hold  a  piece  ot     ^o„^  j.^m  ^^a 
iron  rod,  or  a  nail.*  near  one  pole  of  a  strong      tion. 
magnet.     It  becomes    itself    a    magnet,    as    >« 
seen  by  its  power  to  attract  iron  Hlings  or  small  tacks  p  aced 
near  its  lowlr  end  (Fig.  22.5).     If  the  nail  be  allowed  t.  touch 
th..  pole  of  the  magnet,  it  will  be  held  there. 
A  second    nail  may   be  suspended   Irom   the 
lower  end  of  this  one,  a  third  from  the  second, 
and   so   on.     (Fig.    22(;.)      On    removing   the 
magnet,  however,  the  chain  of  nails   falls  to 
pieces. 
We  thus  .see  that  a  piece  of  iron  becomes  a   /^.pomr^ 
,uac,„et  when  it  is  brought  near  one  ^e  of  a  permanetit  stee. 
iTniet.     The  magnetizing  action  of  the  magnet  on  the  piece 
Ti^on  is  known  as  uul^rtl..,.     The  parity  of  the  induced 
magnet  can  W  tested  in  the  following  way  : ^ 

-^^i^a^";;^:^;:;:^;.^^^";^^^^  -^'  -  -'"--^  ^^^^^  '''/"^■^•'■"" 

wire. 


1 10.  iJe.  -  A  cliam 
of  magnet*  by  in- 
duction. 
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SiHpenil  a  ))it  of  aofi-iron  (ji  narrow  .stri|)  of  tiiine<l-iron  is  very 
suitiklilu),  aii'l  place  tho  A'pole  of  a  har-in!»nnt't  near  it  (Fit;.  T27).     Then 

hriii!^    tilt;    .A'-imle    of   a  Hecoiid   bar-nia^net 
near  the  end  n  of  the  striji,  farthest  from  the 
tir>.t  nia<4iiet.     It  is  rej)elle<l,  showing  that  it 
Kio.   2'7.  -Polarity   of  indiue<l        '^i   »■    A'-pole.      N«'Xt  l.riu','   the   S-\U)\is  of  the 
luak'netHiii.  secoiitl  niaijnet  slowly  towards  the  end  s  of 

the  strip.  HepulHion  is  ai^ain  ohserved.  Tiiis  shows,  as  wo  should  expect 
from  the  law  of  ni,i'.inetic  attraction  and  repiiision  (.^  21S),  that  the  induced 
pole  is  opposite  in  kind  to  that  of  the  permanent  magnet  adjacent  to  it. 

221.  Retentive  Power.  The  Mts  of  iron  in  Figs.  2i.'5.  22(i,  227, 
posse.ss  their  niaum  ism  only  when  they  are  near  the  magnet  ;  when  it  is 
remove<l,  their  polarity  disappears. 

If  liard-steel  is  u-^ed  instead  of  soft-iron,  the  steel  also  iMJcomes 
magnetized,  but  not  as  stroii|,'ly  as  the  iron.  However,  if  the  magnet  is 
removed  the  steel  will  still  retain  some  of  its  magnetism.  It  has  become 
a  ixTtuiDi^nt  magnet. 

Thus  steel  offers  great  resistance  both  to  being  made  a  magnet  and  to 
losing  its  magnetism.      It  is  sai<l  to  have  great  ivN-ii/iir  jmia  r. 

On  the  other  hand,  soft-iron  has  small  retentive  j)Ower.  When 
iilaced  near  a  magnet,  it  becomes  a  stion'.ier  magnet  tiian  a  piece  of  steel 
w<mld,  but  it  parts  with  its  magnetism  quite  as  easily  as  it  gets  it. 

222.  Field  of  Force  about  a  Magnet.  Tin;  space  ab)ut  a 
ina<,'iict,  ill  any  pait  of  wliifh  llu'  roice  from  the  inagiiet  can 
Im-  (lcti'ctc<l,  is  callf<l  its  iiuninrt'ic  firil. 

One  way  to  explore  the  field  is  ])y  means  of  a  small  compas.s 
neeiUe.      IMace  a  l)ar-ma<,'iift  on  a  sheet  of  pajMi-  and  slowly 

move  a  small  compass  needle  ahoiit  it.  ..-  -^ 

The  action  of  the  two  poles  of  tlie 
magnet  on  the  poles  of  the  m-edle 
will  canse  the  lattiT  to  set  itself  at 
various  points  al>ni^  lines  which  in- 
dicate the  diiTction  of  the  foi-cc  from  the  ma^tu't.  'These 
lines  are  eailei  tecimieaily  ////rv  oj  fi>ri-r.  The  eiu'x  es  nui 
from  one  pole  to  the  other.     In  Fi;^'.  22S  is  shown  the  direction 


\ii ^■: 

Fio.  22S.  -  I'fwitiiin  as9iiiin-<l  liy 
a  riicilli-  near  a  liar  iii.it;nel. 
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of    the    nt'cUo    at   sovoral    points,  as    we 
ext'-iulin^  from  oin'  poU-  to  tin'  otht-r. 

Another  way  to  map  the  tieM  is  by  means  ( 
This  is  very  siiiip 


11  as  a  line  of  force 


il  iron 


tilings 


pic  and  very  ettective.     Place  a  sheet  of  i^iper 


ov 


er  the  mamiet,  an<l 


sift  from  a  mus 


lin  bat 


iron  tilin-fs  even 


ly  and 
thinly  over  it.  Tap  the 
paper   g^'ntly.      Each 
little  bit   of  iron  be- 
comes   a    magnet   by 
induction, and  tapping 
the  paper  assists  them 
to  arrange  themselves 
along    the     magnetic 
lines   of    force.      Fig. 
229  exhiVjitH  the  field 
iibout   a   bar-iuagnet, 


Kio.  yja.-Fiflilof  force  of  »  J«r-ra»«net. 


while  Fig.  2:50  shows  it  about  similar  poles  of  two  VMir-magnets 

stJinding  on  end 


r  10.  23il.     Field  0(  foiT«  ol  two  like  pole*. 


The  magnetic  forco, 
as    we    have   seen,  is 
greatest  in  the  neigh- 
bom-hood  of  tlu^  pole.s, 
and  here   the   curves 
shown  by  the  fiUngs 
are    closest    together. 
Tims  the  direction  of 
the    curves    indicates 
the   direction   of   the 
lines     of    force,    and 
their     closeness     to- 
tfother  at  any   point 


indicates  the  strength  of  the  magnetic  force  there. 
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There  are  several  ways  of  inukin;,'  tliese  filiii;^  fijjures 
TMTiiianent.  Solium  plintnt^raiiliic  j)rnrcs.s  j^ivcs  the  best 
results,  Imt  a  eoiiveiiifiit  way  is  to  iii<«luee  tin-  fi;^Mires  on 
Iiapcr  wliicli  lias  been  clipped  in  nieltcfl  paraffin,  an<l  then  to 
hfat  the  paper.  Tin;  filin;,'s  sink  into  the  wax,  and  are  held 
finnlv  in  it  when  it  oimjIs  down. 


;i^ 


if. 


223.  Magnetic  Shielding-  M<»st  Hiihstance-s  when  jtluced  in  a 
ma^;nftic  field  innke  in>  appn-ciiiMo  cliaiigc  in  tlie  force  tliere,  l>ut  there  is 
Olio  pronounced  exception  to  tliis,  namely  iron. 

Plico  ft  biir-niai;net  with  one  pole  ahont  10  cm.  from  a  large  compass- 
necdlo  (Fig.  231).     Pull  aside  the  needle  and  let  it  go.     It  will  continue 

vihratinu  for  some  time.     Count  the 
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Km.  2.31.     .^rran^rl■rlll•llt  for  It's'.iiig 
■nat^netic  Hhii-ldiiii;. 


nnmlRT  of  vibrations  per  minute. 
Tiien  pii.><h  the  magnet  up  until  it 
is  (■>  cm.  from  tlie  needle,  and  again 
time  the  vihiations.  Tliey  will  he 
found  to  1)0  much  faster.  Next, 
put  the  magnet  3  cui.  from  the 
needle  ;  the  vil)ration«  will  be  still 
more  rapid.  Thu.s,  the  stronger  the  force  of  the  magnet  on  the  neetlle, 
the  faster  are  the  vibrations. 

Now  while  the  magnet  is  3  cm.  from  the  needle  place  between  them 
a  Iniard,  a  sheet  of  glass  or  of  br.iss,  and  determine  the  periotl  of  the 
needle.  No  change  will  be  observed.  Next,  in.sert  a  jilate  of  iron.  The 
vibrations  will  be  much  slower,  thus  showing  that  the  iron  has  shielded 
the  needle  from  the  force  of  the  magnet. 

The  lines  of  force  ujion  entering  the  iron  simply  spread  throughout 
it,  meeting  less  resistance  in  doing  so  than  in  moving  out  into  the  air 
again.  A  space  snrroumletl  by  a  thick  shell  of  iron  is  effectually  protected 
from  external  magnetic  force. 

224.  Magnetic  Permeability.  The  lines  of  force  pass  more 
easily  throii^'h  iron  than  throujrh  air.  Tliiis  iron  has  greater 
■prrramhUU y  than  air,  iwA  the  f*nfter  the  iron  is  the  greater  is 
its  permeability.     Hence,  when  a  piece  of  iron  is  placed  in  a 
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nwumotic  li.1.1.  many  of  the  linrs  of  force  are  .Imwn  U.-ethor 
an.r  PUSH  thnrnjih  tl.o  iron.  This  explains  why  soft-iron 
l„.co.nos  a  stronger  magnet  hy  in.luction  than  d.K's  hartl- 
steel. 

225  Each  Molecule  a  Magnet.  On  magnetizing  a  knitting  neeUle 
or  a  piece  of  c-'ock-spring  (Fig.  2^2)  it  .xhihit.  a  ,K,le  at  each  t-ml  but 
no  magnetic  .....  h  at  the  centre.  N-.w  break  it  at  the  middle,  t^ch 
part  is  a  magi.ot.  If  wo  bre.ik 
thesu  iMirtions  in  two,  each  frag- 
ment iH  again  a  magnet.  Continuing 
this,  we  find  that  each  free  end 
jilways  gives  us  .v  magnetic  pole. 
If  all  the  parts  are  cl..scly  joined 

again  the  adjacent  poles  neutralize  each  other,  and  wo  have  only  the 
poles  at  the  ends  as  before.  If  a  magnet  is  ground  to  powder  each 
fragnient  still  acta  as  a  little  magnet  and  shows  jwdarity. 

Again  if  a  small  tuln;  filled  with  iron  filings  is  stroke.!  from  end  to 
end  with  a  magnet  it  will  l)o  found  to  in^sess  iH.larity,  which,  however, 
will  disappear  if  the  filings  are  shaken  up. 

All  these  facts  lead  us  to  believe  that  each  molecule  is  a  little  magnet 
In  an  nnmagnctized  iron  bar  they  are  arranged  in  an  irregular  haphazard 
fashion  (Fig.  2:53),  and  so  there  is  no  cnndiined  action.     \N  hen  the  iron  is 
magnetized  the  molecules  turn  in  a  defiuite  direction.     Striking  the  rod 


Fio.  232.— Each  |>ortion  of  a  magnet  la  a 
m.tgnet. 


FiJ.  233.— Haphazard  arranuement  of 
molecules  of  iron  ordinarily. 


Kio.  234.— Arrariffemeiit  of  molectilMOf 
iron  when  maifiielixed  toialuralion. 


While  it  is  iH^ing  magnetized  assists  the  n.olecules  to  Uke  up  the.r  new 
„o8ition«.  On  the  other  hand  rough  usage  destroys  a  magnet.  NM.en 
the  H..v:^nct  is  m.=l.-  .,«  strong  as  it  -ui  l-o  the  molecules  are  all  arranged 
ui  regular  order,  as  illustrated  in  Fig.  234. 
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Tho  molecules  of  soft  iron  can  hv  hroui^lit  iiito  alignment  more  cMily 
thiiii  aiii  tliosu  of  steel,  but  the  liitter  retain  their  {toHitionH  much  more 
tfluaciuusly. 

226.  Effect  of  Heat  on  Magnetization.    A  iua;;iiot  lase.s  its 

maj^tU'tiHin  wlu-ii  raist'd  to  a  bri;;ht  red  heat,  and  wlicii  iron  i.s 
hoatod  sutficiently  it  ceases  to  1)C  attracted  by  ania;,'ii».'t.  This 
can  be  nicely  ilhistratid  in  the  following  way.  Heat  a  cast- 
iron  ball,  to  a  white  heat  if  possible,  and  suspetid  it  at  a  little 
distance  from  a  nia^niet.  At  first  it  is  not  attracted  at  all,  but 
on  cooling  to  a  bright  red  it  will  be  sutldenly  drawn  in  to  the 
magnet. 

227.  Mariner's  Compass.    In   tht;  modem  ship's  compjuss 

several  mairnetized  needles  are 
placed  side  by  side,  such  a  com- 
pound needle  being  found  more  reli- 
able than  a  single  one.  The  card, 
divided  into  the  li'l  "  pants  of  the 
coinpa.ss,'  is  itself  attached  to  the 
needle,  the  whole  Ix'ing  delicately 
|K)ised  on  a  sharp  iridium  point. 
(Fig.  235). 

228.  The  Earth  a  Magnet.  The  fact  that  the  compa.ss 
needle  assumes  a  definite  position  suggests  that  the  earth  or 
some  other  celestial  Ixxly  exerts  a  magnetic  action.  William 
Gilbert,  in  his  great  work  entitleil  De  MiKjnctc  (i.e.,  "On  the 
Mai,niet"),  which  was  published  in  IGOO,  demonstrated  that 
our  earth  itself  is  a  great  magnet. 

In  order  to  illustnite  lii.s  views  Gilbert  had  some  lodestone.s  cut 
to  tho  shape  of  8{)heres  ;  and  he  found  that  small  magnets  turned 
towards  the  poles  of  these  models  just  (is  compa-ss  needles  behave 
un  the  earth. 

The  magnetic  poles  of  tho  earth,  however,  do  not  coincide  with  the 
go( .graph icjil  poles.     Tho  north  magnetic  pole  was  found  by  Sir  James 


Kia.  is.''!— .Mariner's  roni|MUis. 
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Juiiu  1,  1H;;1,  -n  tho  west  si. 
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le  of  lU.thiaK.-hx.  inN.I^at.  70' 


4(1'.      Ill  UK)4-r.  Uoaltl  AmuiK 


Uon,  a  Nnrwo«ii»i>,  ««1' 


iltirud 


.lu.     Its  {ircscnt  iHisitM'ii  is  ii 


iH.ut  N.   Lat.  70  ,  NV.  I^-ng. 


97    not  fur  from  its  uarlier  imsition. 

.liscovtrt.-d  It  in  S.  Lat.   t  ^    ^o ,  k^.  u> '^\i 

,„a«netic  ,ole  is  over   1.100  nulc.   from   tho  ^-^^-''^'l^^^^J  ,,„, 

Ht^ht  lino  joinin.  the  two  ma^uetic  i^.U-s  p,«se»  about  . .^  miles 

tho  centre  of  the  eiirth. 

229.  Magnetic  Declination.    Wo  «r»  in  H..;  lmt.it  -t  »'>"'K 
,„ath,.  Sn.  r..inu  n„«, i  -uh,  .,ut  -  - ;-.«  - 

Hi.it    the    niiiMietic    pok-s    are     lai     lioiii  „     „     i 

!^.^;)  t,.  ,,..int  W  tl.c.  t.u.  ..".th.     I"  .uMition,  .l..l.«ts  of 
trl'  i.  „th..r  can...   ,n,>luco   1...I   v.u„au,,.   u,   Ih. 

,         i-.i.    il...    iixis    of    tie    needle    inukes 
A\,.      Till*    ano'lo    winch    inn    axis    ui 

230.  Lines  of  E,«al  Declination  or  Isogonio  Line,     Unos 
„„,„   the  o.rtl,»  surface   thnm.!,   ,.l.-s  hav,n«   th    sa  - 

,I„cl tiou  is  .om  is  calk..!  tl.c  „!,„.uo  hue.     Along  tins 

tlie  iieeaic  l»,ints  exactly  north  and  soutl.. 

0..  I  »u,,ry  1,  mo.  lh»  d«lin».U,n  .1  ToronU  «».  B'  SS'  W.  "1 1™« 
north,  at  Montreal,  15=  4'  W.,  at  NN  uuui.eg,  U   4  K.,  at  Mr 

r  1-  1.-       .   Tl  lif;.T     '>l°   14'    W.     These    values   are  suhject  to  slow 
•>4°  '2b    h.,   at   Haliiax,    -l     n     '    ■  ,,      i—   v       This 

and  increase.1  until  lu   ISlh  u    a.w  _*    ^      , 
decreased  and  is  now  15°  3'  N\ . 
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III  Fi>4.  230  in  a  iiuip  .«lii>wiii'„'  tin   is<>;».iiiic  lines  fur  tlie  Unite*!  States 
ami  <';iii.i<lii  f'lf  .l:iiiii;iry  1,  I'.UO. 


in 


Fio.  23fl  -   Uijfonic  I.iiie»  for  Pftnarta  and  the  l'nit*<i  Stftten  (.laiiuary  J,  1010). 

The  data  (or  retfion*  north  of  latitude  5S*  are  very  meagre  and  discordant ;  the  re);lon«  weat  of 
H.idooii  Bay  where  recent  determinations  have  been  made  show  considerulile  local  distiirljance  ; 
the  lines  north  of  lalitudf  70*  are  drawn  larjrely  'rom  (Kwilions  caU-ulali-d  iheoreiically,  but 
niO'lifled  where  recent  ulwervationi  have  been  made.  The  above  map  wa»  kindlv  drawn  (or  thii 
work  by  the  Department  of  Kew.irch  in  Terrextial  MaKnelism  of  the  Carnegie  Inititution  of 
Waahinifton. 

231.  Magnetic  Inclination  or  Dip.  Ficr.  237  sho\Ys  an 
instnunt'iit  in  which  the  niM^neti/ed  needle  Ciin  move  in  a 
vortical  plane.  The  needle  Ix'fore  bcintj  ni.ij^nietized  is  so 
adjusted  that  it  will  rest  in  any  position  in  which  it  is  placed, 


I'. 
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dipj'i'iK  needle 


a,'      Jit    ri«rht    an.ul«'« 

!„;.,:i,luu„,  :..,.!    th-    ".-.ll.    shoul.1    ...ove 

will,  t1.c  Ictst  l».s»lliU-   fi-'<^""" 

Th-  an-'le  wl.ich  tlu-  "■•'""''  "•">'"^"  "'"' 
th.  horbx";,,   i»  c..ne,i   th.   ;"f;;f,;;;  ":,„,„  ,„,u>e  needle 

'^'^'-  u  north    u.ul    south   of   that   line    the    d.p 

is   horizontal),   hut   nottli    aiiu  ^^^^^ 

♦  ■1    of    till*    nuv^nietic    tXMOS    it    >«    •'"  •  ' 

rrar'oc  'i ;..'- ;-» o-->"^  ">•  "■»  ""-"'^ 

needle.  .  «io  -- 

r„        .    4i     ,i;«  w74' 37'.  at  Washinjjton,  71    i> . 
At  Toronto  the  (lip  IS  '^   ''' 

roIlW.    Tlu»  .1..,..  the  ml  t..  Lo  «  m««..rt. 

conipasB  needle.  .    .    .    ■      u.,:u 

,„„  ^„.  ■„  b..l..„„.  ...a  th,  ;...  in  a  .hip  .he.  .t  -  W..  "t 
become  magnetixed  by  the  e.nh'.  field. 
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Q0BSTI0N8 

1.  Toil  art)  {)rovid(Kl  with  a  stuel  Nuwinn;  needle  and  are  re()uired  U> 
mnirnetizu  it  8<»  that  itn  point  may  be  a  ^-p<>le.     How  will  you  do  it  ? 

2.  Yoii  are  d<iii))tful  whetlit-r  a  Kteel  rwl  is  neutral,  or  is  slightly 
tna;;;iietizfd  ;  how  co\il<l  you  deteriuine  itH  magnetic  condition  by  trying 
its  action  u|H(n  a  conipasH-needle  ! 

.3.  Six  magnetized  sewing  needles  are  thrust  thrfiugh  six  piuceH  of 
cork,  and  i\rv  tlicii  inadt!  to  float  near  together  on  water  with  their  A'-polea 
upward.  What  will  be  the  elFoct  of  holding  (1)  the  N-|K»le,  ('-')  the  A^-pole 
of  a  inagnet  ab;)ve  them  ?     Try  the  experiment. 

4.  A  horse-shoe  magnet  in  placeil  near  a  compasu-needle  so  as  to  pull 
the  needle  a  little  way  round.  On  laying  a  piece  of  soft  iron  across  the 
])oK-.s  of  tliu  horseshoe  magnet,  the  coni|>a88-needle  moves  back  toward 
its  natural  position.     Explain  this. 

o.  Where  on  the  earth's  surface  does  the  .AT-jwle  of  a  magnetic 
needle  point  in  a  generally  southern  direction  ? 
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CHAPTKR  XXXI 
The  Klectkk-  Cuhuknt 

ties  and  applications. 

cm.  or  moro  in  leii^tli.     r  m j*  i"  ,        /, 

acielHlatoa  with  about  ono-twelfth 

the  «iuantity   of   sulphuric  ftc^.K 

Place  tho  ziuc  ami  c^l-er  stni'S 

in  tho  acidulated  water,  not  .Ulnw- 

in-'  them  to  touch,  and  stretch  the 

wi'ro  connecting  them  in  a  north 

and  south  direction  ..ver  a  c<mi- 

P.V.S  needle  (Fig.  2i«).     We  shall 

see  that  tho  needle  tends  to  turn 

at  right  angles  to  tho  wire.    Simi 


Kill.  ".U**. 


;!„„  but,  i,.  .i..ins »., .»... ". ".« "PI-"'  "-"■•" 

■n.o  wire  evi,le„tly  p.«sc.»ses  now  pro,,ort.e..  when  the  »tnp» 
at  its  tennimib  are  plwe'l  i"  ""=  <•»"'•=  "«">■ 

The  «..»  ,.m,-(i«  ..f  «"•  «'i-  -•=  f -'  "'  ^'  """^  *»  "  ""■• 
««(  of  .Mricity.  xokkk  ,>*.,«  ».r...i3'.  M.  mrc. 

Tl,e  terms  we  «se  in  dealin;;  with  clocfic  eurrent,  are 
,„!!:t!:ib;:».u.Iy«f  the  «ow  «<  U,,nia.jn  p,peM-tw^. 

-.    .ir.    Vo.    SO    will    be    (ouii.l    "•"•'^    coavrtnrr.T 

'Copper   magnet   wire    no.    tu 

connectlone.  j99 
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must  not  pnsli  tli«'  .•iniil<);.'y  lMt\vi-«-!i  the  two  ciisch  t«K)  fur. 
Astouli.il  i-l.e-tricily  ifally  is  wi-  an-  in  ciitirt'  ifjuoraiicf. 
Tlitic  iiiuv  Iw  iiomMual  iiH)ti<tii  of  aintliiii';  thruiiijli  the  con- 


duct')r,    tlio\i;;h    n-CM-nt    invrMti;,'ationH  sonit 


what   favour  thiit 


VlfW 


1>ut 


Ninfc 


the  current  can  do  work  for  us  we  rec(>j,'ni/.e 


the  prescnee  of  ener;jy. 

Tlie  ix[M'rinH'nt  which  we  liave  just  (M-rfornied  illuHtrntes 
the  met  hod  of  pnxltjeiii;,'  a  current  hy  tlie  i/nlranic  or  rn/ftiic 
oil.  Lat«r,  we  shall  study  a  more  imjiortant  nieth(j«l  of 
I'eneratin;,'  a  current  when  we  come  to  Htudy  the  principle  of 
the  dynamo. 

234.    An  Electric  Circuit    Explanation  of  Terms-     Imiiierse  tho 

HtripH  ill  llif  (liliitf  .kciil,  us  in  tlie  hImivi?  csju'iinunt,  c<inm-ct  n  wire  to 
Kiif  pl.jto,  ami,  tarryiiiji  it  in  n  nnrth  and  soiitli  ilireitinn  over  n  mn'^uetic 
nei!<lU',  lirinij  it  near  tiut  do  not  let  it  toucli  tlio  otlit-r  jdate. 

Tliu  nt-edle  is  not  afTected. 

Now  touch  tho  wiro  to  tlie  other  pl.ite  and  the  neetlle  is  disturbed. 

The  I'Xporiment  indicates  that  ii  complete  circuit  is  neccs- 

_  sary    for    the    flow    of    the    electric    current. 

C"^  This  circuit  comprist-s  tin;  entire  path  trn- 
)  verscfl  hy  the  ctirreiit,  includiiit;  the  external 
J"  coiiduetor,  the  plates,  and  the  fluid  Ix-twecn 
thrm.  Thectn-rent  is  re<,'ardcd  as  ilowinj;  from 
thf  copper  to  the  zine  plati'  //)  tlic  extenutl 
itniihirlor,  and  from  the  zinc  to  the  copper 
plate  irilliln  flw  ffuhl  {Fv^.  239). 

When  the  plates  are  joined  by  a  conductor, 
or  a  series  of  conductors,  without  a  break,  the 
cell  is  said  to  he  t,,i  a  clnxd  c'lvrail  :  when  the 
ciieuit  is  interrupteil  at  any  point,  the  cell  is 
III!  till  ojt'ii  riiriiit.  V>y  Joining;  tojrether  ii 
number  ol*  cells  a  more  powerful  iiov,  of  ehetiielly  may 
bv  obtained,  and  stx'h  a  combination  is  called  a  buttery. 
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Th.a  plat.,  of  tl.o  n..ll  or  l«itt..ry  from  which  the  curront  is 
,...,  oir  is  callM  th«  /K..;f ir.  H",  tho  othor  tho  ,..,../.'-  ^  o  .. 
Also,  in  an  int.rrnpUHl  cinuit.  that  .»,!  fron,  wh.<h  W 
current  will  flow  when  the  connertion  in  con.plete^l  .s  nn..!  to 
)>e  a  positive  polo  or  tern.inal.  the  other  a  negative  jk^Io  or 
ternunal. 

235  Ohemic»l  Action  of  a  Voltaic  OeR     When  rl«t,.»  of 

(,.,'„  ,.  vol  Jo  c...  .1,.,  rine  ...,in,  to  di.nolv,,  „.  .1.  »o,^  ut 
tl,c  action  is  »«m  ch«k«l  l.y  «.  coatiuK'  ot  l,y,  roK,-.,  »lucl, 

eleotcKl  by  a  cn.lnctins  wir,..  or  «ra  tonCd  t-K-t''-; '^« 
Ic  continue,  ^  .li.^lve  in  the  »ci.l,  f,.rn,ing  ...no  ,u.phat«, 
i.n.1  liydrogen  in  liliemte.!  nt  the  copper  plate. 

Conunercial  zinc  will  ai»»olve  in  the  aci.l  even  when  uncon- 
nectcl  with  another  plate.    The  'let  that  the  nnpnre  ..nc 
::^  away  in  op...  ci,.«it  i,  r-iOly  explain,.,  on  the  t.u»^ 
that  the  in,poritie»i„  it.  principally  iron  and  carbon,    ake  the 
Ze  ot  the  copper  plate,  and  ».,  a  consequence  eurren  »  are  ^t 
up\.tween  theTnc  and  tl,e  impuritiea  in  electri»l  conU.ct  w>th 
7    Such  current,  a,,  known  aa  l,.at  ntrr.„M,  and  the  act.on 
i,  known  «.,  Ior.,1  acHo„.    This  local  action  „  wasteful      U 
,„„v   to  a  great  extent,  be  prevented  by  „ma'r,m.,HvU  the 
2  ■    This  iH  done  by  washing  the  plate  in  dilute  sulphunc 
a^d,  and  then  rubbing  mercury  over  its  surface.     The  n,e-.„ry 
Isolves  the  zinc,  and  torn.,  a  clean  unl  onn  layer  of        c 
„nu,l.™n  about  the  plate.     The  zinc  now  d>».so  ves  only  wlun 
tl  e  rimnt  is  elo..d.     As  the  zinc  ot  the  aumlga.n  goes  n,to 
:  solution,  the  n,ercury  take,  up  tnore  of  the  z.nc  fron, 
„.ithi„    and   the  in.purities   float  out  >nto    '-  '■'l"",/^; 
a  hoioogeneous  «,.rf»ee  remains  always  e^po,*.-U  to  the  ,-«.« 
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236.  Detection  of  an  Electric  Current.    Wo    have    seen 


(^  2:ii)  that  when  tlie  wire  joiniii 


tlif  plates  of  11  voltaic  cell 


Ki«.  '.'11).— Siini>li'  talvaiKHrope.  The  »:re 
i>a.s.ie!i  several  tmii-s  nrounil  the  frame,  and 
h»en<l9  are  Joined  to  the  binding  j>o«t». 


is  hroiight  over  a  magnetic  needle,  the  needle  ten.ls    to    set 
itself  at  right  angles  to  the  wire. 

A  I'.'i'hj.' current,  'lowing  in  a  single  wire  over  a  magnetic 
needlf  j.io  lui-es  hut  a  very  slight  deflection  ;  but  if  the  wire  is 

wound  into  a  coil,  and  the  cur- 
rent njade  to  pass  several 
times  in  the  same  direction, 
I  ither  over  or  under  the  nee- 
dle, or,  better  still,  if  it  passes 
in  one  direction  over  it  and 
in  the  opjwsite  direction  under 
it.  the  effect  will  be  magnified  (Fig.  240).  Such  an  arrange- 
ment is  called  a  Galrnnosvoj),'.  It  may  be  used  not  only  to 
(let(>ct  the  presence  of  currents,  but  also  to  compare  roughly 
their  strengths,  by  noting  the  relative  dt.'tieetions  produced. 

A  more  sensitive  in.strument  constructed  on  the  same  prin- 
ciple is  called  a  GalniDonnivr. 

237.  Conductors  and  Non  Conductors.  If  a  galvanoscope 
is  connected  at  different  times  by  long  fine  metallic  wires 
of  diff.'rent  metals,  the  angle  of  deflection  will  1h-  foun<l  to  be 
different  for  the  ditlerent  wires:  while  if  certain  materials 
.such  as  cotton  or  silk  thread,  woo<l,  glass,  etc..  be  u.sed  to 
make  the  connection,  no  deflection  is  observable. 

The  results  observed  are  explained  ou  th'  theory  that  h^Ues 
ditfrr  io  thrir  poior  to  conduct  electricity,  or  in  the  reMisf,nu'C 
u-iiirh  then  offer  to  the  fli>a<  nfthe  eiirrent.  When  a  body  is  a 
g(Kxl  conductor  of  electricity,  it  otl'ers  less  resistance  to  the 
current  th.in  a  poor  conductor  of  e(iual  cross-section  and 
k-n^th,  hence  a  stronger  current  flows  through  it,  and  the 
nettle  of  the  gaUano.scope  is  consequently  deflected  tlirough 
a  greater  angle. 


'-.'M^-'H'::-^'^)^^ 


■  ':P>%!!'r'7f:^'im*^f!?*Lm^^mK^weismf^ 
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Those  subsunce,  wl,i.U  n.,lily  «.rry  nn  'I-'™  -"^J 
h..m  llowiu.'  are  calk-i  „„„-co,nhu-to,-s  <.r  u.^Mor,     II  a 

;;;;ul  i:...M on.co,„,uetin«  .,,.,K.t  . «...      ^ 

lamps  with  rubber  gloves. 
Good  CoM.riTniw  ;  metaK 
F..K  Cos,.n.oKs  :  the  hu.n.n  >.Kly,  «ol«Uuns  ..f  acuU  .uul  sa.u.  m 

water,  carli'Hi. 
roou  CoNmv-rnK.s  :  dry  iwiper,  cotton,  wo.kL 

«'      u  ls-<,tiATOi;s:    .'UsH,    porcoliun,  Healing- 

-m   Electl-olytes.     Special    altcntio..    i»    .l"«t''l    '"   *''» 

elect  vol  yf'K-  ,    . 

We  hue  had  an  illustration  <.f  the  action  of  ehn^troly tes  »n 

?     ,  .1   and   the   hvdro-on   liberated   appears  at  the 

is    deconiposed   ana    lac    n^'^^^o 

copper  plate. 

239  Polariiation  of  a  Cell.    Omnc-ct  the  ,.l»u,  nf  a  zinc- 
oop!!;   e  t  with    a    .alvano^p.     T,,.    current    ..evebpo 
bTlo   coil    will    bo   ^-c   gradually    t.,   P"",  "'"''^"„. 
will  lo  1«  observed  that  the  weakcin,  n,  the  current  .» 


1 


•^-■4, 


i 
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accoinpniii*'d  by  tlio  collection  of  bubbles  of  bydroffen  on  the 
copper  pl{it<'.  To  sbow  tliiit  tli<'ie  is  a  coniiocli<  i  iK'tween 
tbe  clia.i<fo  in  tlie  surface  of  tiie  plate  and  tlie  weakeninj;  in 
tlie  current,  brusb  away  tlie  bubbles  and  iiot(>  tlmt  tbe  current 
appears  to  «,'ro\v  strou'jer.  A  cell  is  said  t(j  be  pohirizal 
when  the  current  becomes  feeble  from  the  deposition  of  a  tilm 
of  liydro;,'en  on  llie  plate  forniinj,'  the  positive  pole,  which 
weakens  tlu'  current. 

Polarization  may  be  reduced  by  surroundinj;  the  i^)sitive 
pole  by  a  chemical  a«,'ent  which  will  combine  with  the  hydroo;en 
and  prevent  its  appearance  on  the  plate. 

240.  Varieties  of  Voltaic  Celis.  Voltaic  cells  diff.r  from 
one  another  mainly  in  the  reiiiedies  adopte<l  to  prevent 
polarization.  Several  of  the  forms  commonly  de.scrilM'd  have 
now  only  historic  interest.  Of  the  cells  at  present  ust-d  for 
connnercial  puriK)ses,  the  Leclanchd,  tlie  Dry  and  the  Daniell 
are  amonj;  the  most  important. 

241.  Leclanch^  Cell.  The  ccnstruction  of  the  cell  is  shown 
in  Fiir.  241.     It  consists  of  a  zinc  rcnl  immersed  in  a  solution 

of  amnionic  chloride  in  an  outer  vessel, 
and  a  carbon  plate  surrounded  by  a 
mixture  of  small  pieces  of  carlM>n 
and  powdered  manj;anese  dioxide  in 
an  inner  porous  cup.  The  zinc  dis- 
solves in  the  amnionic  chloride  solu- 
tion, and  the  liydro^jen  which  appears 
at  the  carbon  plate  is  oxidized  by  the 
no.  241— Leoianch*  cell     c,  car-   mani'anese  dio.vjde. 

iKjn;    /),   porous  cup;    7,   zinc;  f- 

JW,   tarl«iM   ami   |>o»<leml   ni-an-  . 

taiiiw;    .S-,  nolulion  ..f  niimicmic  \^  tJus  proCC-SS  gOCS  On  Very  SloWly, 

till'  cell  soon  lu'comes  polarized,  but  it 
Yi-.c-ovi-v-,  itsvlf  \\];<-n  .•dlMwcd  to  .stan.d  for  a,  few  minutes.  If 
ased  intermittentlv   for  a  minute  or  two  at  a  time,  the  cell 


ziy^masoffsmf^ 
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does  not  reMUire  rene»i„s  <"r  •"™'""'-     '■''"■  'W»/"7" /'  " 
Ipecially    allaptol    lor    u-    on    vlvctric    Wl    «n.l     tol-phone 

circuits. 

242.  The  Dry  Cell    The  so-cull.-<l  <lr;,  ell   is  a   ..uxliHea 
form  of  the  U'clanehd  Ml    The  earl)<)ii 
pliite  C  (Fi^'.  242)  is  closely  surroundeil 
by  a  thiclT  paste,  . I,  composed  chielly 
of  powdered  carlxm,  iiuino;aiiese  dioxide 
and  aiuin.mic  chloride.     This  is  all  coi.- 
tained   in  a  cylindrical   zinc   vi'ss.d,  Z. 
which  acts  as  the  nejjative  pol.'  of  th.' 
cell.      -lelted    pitch,   1\   is   poured    on 
top  :n  order  to   prevent   evaporation, 
i  e    to  prevent  the  cell  from  becomincr  really  'hrj.     This  ce  1  is 
larL'ely    use.l   for    ij,'nilion    purposes    with   k^s   and    ga-vohne 
engines. 

243  DanieU  Cell.  The  Daniell  cell  consists  of  a  copper 
plate  innnersed  in  a  concentrate.1  solution  of  copper  sulphate 
contained  in  an  outer  ves.sel  and  a  zinc   plale  innnersed  in  a 

zinc  sulphate  solution  m  an 
inner  porous  cup  (Fig.  24:}). 
In  a  form  of  the  Daniell 
cell  known  as  the  Gravity 
Cell    the    porous     cup     is 
dispensed    with     and    the 
solutions  are  Hejjarated  by 
gravity    (Fig.    243).      The 
zinc  plate,  which  is  usually 
of  the  form  shown  in  the 
Hgure,    is   supiK)rte«l    near 
the  top  of   the  vessel  and 
the  copper  plate  is  placed  at  the  bottom.     The  copper  sulphat. 


p,n  24S.-r>anlfn  cell.  ^.  «lnc  :  />.  poroMCUP; 
r  oopiM-rT  A.  «!olution  ol  line  sulphate;  B, 
.^lutioii  ot'c<)pl>er  nulphale. 
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being  (ienser  tlwm  the  zinc  .sulphate,  .sinks  to  tl»e  bottom,  while 

the  zinc  .sulph;ite  floats  alx)ve 
al^out  the  zinc  platf.  The  copper 
sulphate  sulution  is  kept  conccn- 
trateil  by  [)lacin<;  crystals  of  the 
salt  in  a  basket  in  the  outer 
ves,sel  (Fit,'.  24;;),  or  at  the  bot- 
tom alxiut  the  copper  plate  (Fig. 
244). 

The  Danit'll  cell  is  capable  of 
i'ivin;'  a  continuous  current  for 
an  inilrtinite  perio<l  if  the  materials  are  renewed  at  regular 
intf-rvals;  but  the  strength  of  the  current  is  never  very  great 
because  the  internal  resistance  is  high. 

These  cells  are  aclapted  for  closed  circuit  work,  when  a 
comparatively  weak  cm-rent  will  sutlice.  The  gravity  type 
has  been  extensively  used  on  telegraph  lines,  but  in  the  larger 
installaiiuns  the  dynamo  and  the  s*:orage  battery  plants  are 
now  taking  their  place. 


Fio.  244.  -Gravity  cell.  Z,  zinc-  i>l.it<- ; 
A.  ziiK-  Bul|ihate  Holtiliiiii ;  II,  coiiiwr 
fiiil|)li:iti'  Koliitioii ;  C,  iTVStaU  of  coiiiwr 
(iiil|ih.'ttc. 
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Fio.  245.-Electrolyi.inof  hydr<>rhloric  •rW-  Th* 
electnxle-  ^  and  B  are  carbon  rod«  fitted  In 
rublier  utoppers. 


CHAPTER  XXXII 

Chemical  Kffects  ok  the  Electric  Current 

244.  Electrolysis.     In  tli.>  precclinj,'  chaptei  we  luivc  dia- 
cussed    the    production    of   an    electric   current   throu-h   the 
action   of   an   electrolyte   on    two   dissimilar    platen, 
action  is  reversed  and  a  current  from  some  external 
source    is  pjusse.l  throuj,di   an   electrolyte,  re-actions 
similar  to  those  within  the  vu.laic  cell  take  place.     As 
an  illustration  take  the  action  of  an  electric  current 
on  hydrochloric  acid.    Con- 
nect the  jwles  of  a  voltaic 
bivttcry  consisting  of  three 
or  four  cells  to  two  carbon 
rods  .1  and  Ji  (Kig.    245), 
and  immerse  these  in  the 
acid.     The  current  flows  in 
the  direction  indicated  by 
the  arrows,  and  the  rod  .1  by  which  it  enters  the  electrolytic 
cell  is  culled  the  an^^h,  the  rod  B  by  which  it  leaves  is  called 
the  mtho.h'.     A  and  B  are  si>oken  of  as  ehrtro^hs.     Gase^  wil 
collect  at  the  electronics.     On  testing,  that  liberated  at  A  will 

be  found  to  be  clilorine,  and  that  at  B,  hydroger.    This  process 

of  decomposition  by  the  electric  current  is  called  elect roly^is 

(i.e.,  electt^  analysis). 

245.   Electrolysis     of  Water.    In«ert    platinum    elec 

tHKlcH  into  the  bottom  of  a  vessel  ..f  the  form  shown  m  1-  .g.  246 

Partially  fill  the  vessel  with  water 

acidulated   with  a  few  dr-jpH  of 

sulphuric   acid.     Fill    two    te.st- 

tiilies  with  acidulated  water  and 

invert  them  over  tlie  electrcKles. 

Connect    the    electrfnles    witli    a 

battery  of   throe  or    f>>ur  voltic 

cells      <Jaso8  will  bo  seen  to  l)ubble  up  from  the  eleclnnles.  .ii«i.l^ing 

the  water  in  the  te8t-tul>08. 


^i    "Y^h^ 


Fio.  248.— Elertroly»i«  of  water. 
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On  testiiifj  cacli  pis  witli  !i  li;,'ljte<l  splinter,  that  collected 
at  the  anoilt!  will  be  found  to  be  oxy<,'eii,  and  that  at 
the  cathode,  hydrogen.  It  will  also  be  observed  that  the 
volnnie    of    the    hydroj,'en    collected    is    twice    that    of    the 

246.  Electrolysis  of  Salts.  Cmintct  by  means  of  two  copiKT  wires 
thtt  ]M.U-.s"f  .v  latttTv  with  two  i.lat ilium  strips iiinl  ilip  ♦hem  into  n.  Koliitioii 
of  cr.i.per  Hulpliiite.  After  t  wo  *.r  three  minutes  remove  them  anil  olworve 
the  strips. 

Tho  .strip  miiile  the  cithode  will  he  found  to  he  covcrc<l  with  » 
deposit  of  idi'jier.  Now  without  removini,'  the  dejiosit,  i-liice  tiic  i^trijw 
ng.vin  in  tiie  solution  and  tlien  reverse  the  direction  of  the  current. by 
chanj^inu  the  wires  :it  the  poles  of  the  Iwittery. 

The  bri-^ht  strip  (the  cathode)  will  now  be  covere<l  with 
copper  while  the  copper  on  the  other  strip  will  have  disap- 
peared. In  other  words  copper  woidd  api)ear  to  have  lx;en 
Ciirried  from  one  strip  to  the  other. 

Exercise.  Weigh  two  strips  of  fopjver,  alUch  them  respectively  to 
the  poles  of  a  voltaic  cell,  and,  without  allowing  them  to  touch,  dip 
them  into  a  solution  of  copper  sulphate. 

The  <,'ain  in  weiuht  of  tlie  cathode  oipials  the  los.s  in  weight  of  the 
nnode. 

247.  Electroplating.  Advantajje  is  taken  of  the  depositior» 

of  a  metal  from  a  .salt  by  electrolysis  in  order  to  cover  one 

metal  with  a  layer  of  another,  the  process  being  known  as 
ehct  rapid  ^iiiif. 

The  metallic  object  to  be  plated  is  connected  by  a  conductor 
with  the  ne<,'ative  pole  of  a  battery  or  dynamo,  and  inunersed 
in  a  bath  containing,'  a  solution  of  a  salt  of  the  metal  with 
which  it  is  to  be  plated.  A  plate  of  this  metal  is  also 
immerserl  in  the  bath  and  is  connected  by  a  conductor  with 
the  positive  i>ole  of  the  battery  or  dynamo;  that  is,  the 
object    to    l)e    plated    is   made    the    catho<le,  the    n<etal   with 
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^■hicl.  it  is  to  bo  platca  is  .nude  the  ancxl^.^d  the  electrolyte 

is  u  suit  of   this  metal.     (Fig.  247).     ^    *^ 

Whfii  the  current  piissi-s  throu<,'h  the 

solution  from  the  plate  to  the  object, 

the  suit  is  decomposed  and  the  mettd 

is    deposited    on    the    object;    at   tlie 

same  time  a  part  of  the  metavl  of  the     ^^^  „7_b^  »„d «iectric»i  con- 

plate  n.ade  the  ano.le  enters  the  solu-         "-'on  .o,  e..cuop.u„.. 

ti(,n     the   strengtli  of   which   accordingly    remains   constant. 

Th-'  metal  is  thus  transferred  fron,  the  plate  to  the  object 

as  in  the  experiment  in  the  preceding  section. 

Exercise.-PlHto  .-.  rieco  ..f  l.right  in.n  MTith  coi.i.€r,  using  copper 
sulphate  as  the  solution  and  a  pbte  of  copper  as  the  auoUe. 


CHAPTER  XXXIII 

MA(JNKTIC    KKKKf'TS   (»F   THE   CrUKKNT 

248.  Electromagnets.  \V..  l,avo  alr.u.iy  I,ain('<l  (§  2.3:?) 
that  nil  f'lt'ctric  cunvnt  d.-tl.'ctH  u  iiia;,Mi('tic  iiceille.  It  has, 
th<'n'f()i(>,  apparent ly  the  pow.r  u{  pnxlucin^'  niajfiu'tic  cHVcts. 
Lt!t  as  iiivt'stiijate  tliis  snl)j».'ct. 

M.ikealulix,  <.r  oil  ,.f  win-,  about  three  inches  lung,  l.y  windini,' 
insuLited  copper  wire  (No    Ki  ,.,•  IH)  .iLuut  a  lead  iKiitil.     Cwinc-ct  the 

enda  of  the  wire  with  the  pnlcs  of 
a  voltaic  coll,  and  move  a  coniiia.s8- 
needle  a!>out  the  coil. 

Next,  make  a  liclix  somewhat 
larger  in  diameter,  say  ahnut  thiee- 
.luarfers  of  an  inch,  and  jilacc  it  in 
.1  recUngiilar  oj)onin<;  made  in  a 
sheet  of  cardboard  (Fig.  248).  This 
can  1)0  done  by  cutting  out  two  sides 
and  an  end  of  a  n  ctangle  of  the 
proper  size  and  then  pas.sing  the  free  end  of  the  strip  lengthwise  through 
the  helix,  and  replacing  the  strip  in  position.  .Sprinkle  iron  tilings  from 
a  muslin  btig  on  the  wirdboard  around  the  helix  and  within  it.  Attach 
the  ends  of  the  wire  to  the  i>oles  of  a  l)attery  and  gently  tap  the 
cardl'oard. 

In  e.ach  experiment  we  find  that  the  helix  through  which  the  cinreiit 

is  passing  behaves  exactly  like  a  magn.t,  having  A'  and  .S'  p.-lts  and  a 

neutral  ecjuatorial  region.     The  field,  Jis  shown 

by  the  action  of  the  needle  and  the  iron  fdings, 

resembles   that  of  a  bar  magnet.     (Compare   5; 
ooo  \ 

Now  intrmluce  a  core  of  soft-iron  into  such 
a  coil  (?"ig.  L'4!»).  The  magnetic  etJect  is  in- 
creased. Next,  open  the  circuit  and  te.st  the  magnetic  power  of  the  core. 
It  has  lost  its  muLMietisin.  The  conil>i!!ation  of  the  helix  of  iti.sulated  wire 
and  a  soft-iron  core  is  called  an  KhiiromatjMi. 
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Ho.  v!48.  — A  hilix  carrvintf  a  current 
behavea  like  a  liarmaicnet. 


Km.  -H'i  -The  essential  parti 
o(  uii  elect  roinajfnet. 
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249.  Why  an  Electromagnet  is  More  Powerful  than  a 

Helix  Without  a  Core.  Winn  tlio  ii-on  roiv  is  iiisertt«l  into 
th*^  coil  ji  ^Tcator  iiuiiiImi-  <>I'  lines  of  fom-  puss  fnjin  rnd  to 
end  throu<,'h  it,  iM-causc  tlif  iK'nii.iihiiity  of  iron  is  very  much 
^Mont«r  thiin  that  of  nir.  Tlu-  cir.-ct  of  the  core,  therefore,  is 
to  inen-iise  the  nuuiU'r  of  lines  of  force  which  are  concentrated 
at  the  jMjles,  and  conseciuently  to  increase  the  jx>wor  of  the 
magnet. 

The  strpniith  of  the  maj^net  may  l>c  still  further  increased 

by  hrin;,'in<^  the  poles 

close  to<;<-ther  so  that 

the    lines  of    force 

may  pass  within  iron 

throuj,'hout      their 

whole  course.     This  is 

<l(jne  either  hy  bend- 

inir    the    core    into 

horse-shoe     form,    as 
shown  in  FU^.  250,  or  by  joininji  two  ma<niets  by  a  'yoke' 
a.s  shown  in  Fij,'.  251.     The  lines  of  force  thus  pass  from  one 
pole  to  the  other  throuorh  the  iron  body  held  against  them. 

Exercise.— Make  an  flectroinagnet  l)y  winding  sevjnil  courses  of 
douWocoveiuamagnet  wire  ahoutivr..,!  of  soft  iron  one-lialf  an  inch  in 
diameter  and  three  inches  long.  Try  the  power  of  the  ma^mt  by  con- 
necting it  with  a  Iwttery  and  using  it  to  lift  pieces  of  soft  iron. 

250.  Practical  Applications  of  the  Magnetic  EflFects  of  the 

Current.  Electroma<,'nets  are  tisod  for  a  iivi-iit  variety  of 
practical  purposes.  The  followinj;  sections  vx  turn  descriptions 
of  mme  of  the  more  connnon  applications. 

251.  The  Electric  Telegraph.  The  electric  teU'j;raph  in  its 
simplest  foiiii  is  an  ei*ctn)iiiaj;net  opcratt-d  ;it  a  d'.'^tanee  ..'V 
a  battery  and  connecting  wires.     The  circuit  i.s  opened  and 


Flo.  25(1.  -  .\n  tlwtro- 
mat(net— horse-  shoe 
(orm. 


Ki'J.  251.—  .\n  eleclroma>r'i*t  — 
voke  form. 
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MAKNKTIC   KFKKCTS  OF  TIIK  CUKUENT 


fi  S. 


Fio.  252 


-  Ttletfrajih  key. 


(•I()s«'«l  Ity  11  ley.  Tlie  olcctromajjnct,  fitted  to  jjivf  si^iials,  is 
called  a  soiivtln:  \Vlu>n  the  current  in  tin;  circuit  is  not 
sutTiciciitly  stronjj,  on  accotuit  of  the  resistance  of  tlie  line,  to 
work  a  .sr)iiinlfr,  a  more  sunsitive  eh.'ctronin;;iu't  called  a  rrlny 
is  introduced  wliich  closes  a  local  circuit  containiiijj  a  hattery 
directly  connected  with  the  sounder. 

262.  The  Telegraph  Key.  The  key  is  an  instrument  for 
closing  and  breaking  the  circuit.     Fig.  2.52  shows  its  con.struc- 

tion.  Two  platintiiii  contact  point«, 
1\  are  connected  with  the  Itinding 
posts  A  and  Ji,  the  lower  one  l)eing 
connected  V)y  the  lM)lt  C  which  i.s 
insulated  from  the  frame,  and  the 
upper  one  being  mounted  on  the  lever 
L  which  is  coniiect»'d  with  the  binding 
post  Ji  by  means  of  the  frame.  The  key  is  placed  in  the  circuit 
by  connecting  the  ends  of  the  wire  to  the  binding  posts. 

When  the  lever  is  pressed  down,  the  platinum  points  are 
brought  into  contact  and  the  circuit  is  completed.  When  the 
lever  is  not  depressed,  a  spring  X  keeps  the  points  apart.  A 
switch  »S'  is  u,se<l  to  connect  the  binding  posts,  and  clcse  the 
circuit  when  the  in.strument  is  not  in  use. 

253.  The  Telegraph  Sounder.    Fig.  2.53  shows  the  construc- 
tion of   the  .sounder.     It  consists  of  an 
electromagnet.    A',   above    the    poles    of 
which  is  a  soft-iron  armature  A,  mounted 
on    a   pivoted    beam    B.     The   beam    is 
raised    and    the    armature    held     by    n 
spring  S,  above  the  poles  of  the  magnet 
at  a  tlistance   regulated    by  the  screws  ^'<»  2''3-Teiegr»ph  »und«r. 
f  and  J).     The  ends  of  the  wire  of  the  magnet  are  connected 
with  the  binding  j>osts. 


TlIK  TKLKOIIAPII   IlKLAY 
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Fio.  254  — TcleffrB|.h  relay. 


264.  The  Telegraph  Relay.  Tlu-  relny  in  an  iiistniin.nt 
for  closin;;  untomatinilly  ii  IcK-al  circuit  in  an  offico,  when 
t]io  current  in  tlu>  main  circuit, 
on  account  of  tlie  },'rcat  rcsistanc<» 
of  the  line,  is  too  weak  to  work 
the  Kouiitlfr.  It  in  a  key  woiked 
hy  an  eleclroniai^net  instea<l  <>f 
l)y  hand.  Fi<;.  'lr>i  shows  its 
construction,  it  consists  of  an 
clectroniaj^net  Ii,  in  front  of  the 

jM)les  of  which  is  a  pivoted  K-ver  L  carrying;  a  soft-iron 
annatuie.  which  is  held  a  little  distanc-  from  the  pol.-s  by  tlie 
sprin;.,'  N.  Platinum  contact  ixunts,  I\  are  connect.-d  with  the 
lever7  aii.l  the  screw  C.  The  ends  of  tiie  wire  of  the  electro- 
ma;;net  are  coimected  with  the  bindinj;  posts  Ii,  Ii,  and  tlio 
lever  L  niA  the  screw  6*  a're  electrically  connected  with  the 
bindin;^  IK)sts  7^,.  li^. 

Whenever  the  maj,'net  It  is  majjnetized  the  armature  i.s 
drawn  toward  the  iM,ii-s  and  the  contact  points  P  are  brou<,'ht 
to^X^'lher  and  the  local  circuit  completed. 

255.  Connection  of  Instruments  in  a  Telegraph  Syjtem. 

Fi<;.  255  shows  a  telegraph  line  passinj;  through  three  offices 


i 


Fio.    255. -Connection  ol  in»ttMn>enlii  in  ■  telegraph  circuit. 

A,  B,  and  C,  and  indicia  tea  how  the  connections  are  made  in 
each  office. 
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M.\«;Ni:Tir  kkfihts  (»r  riii:  <m'J{|{KNt 


Wli.'ii  thr  liiir  is  nut  ill  iis<-  tlir  suil<'li  (.11  viivh  kry  K  ia 
cUmr,]  mi.l  th..  ••uirviit  in  tl..-  main  ciivnil  Hmws  from  tl..-  iK,.si- 
tiv  j..,|..  .,r  tl„-  main  halt.Tv  iit  .1,  anuss  tlif  switcli.-.s  cf  ll,e 
keys,  ainl  I  lir..ii;,r|i  ih.-  cl.rt n)ma;:n.-ts  of  tlir  rclavs,  to  (he 
n.'j^'Htiw  pul,.  „r  tin-  main  haft.-ry  nt  (',  an.l  tlune..  tlii()U},'li 
til..'  l)utl.Ty  (<>  till- ;;ioun.l,  wliirli  forms  the  rotiiin  circnit,  to 
til.'  n.';;aliv<'  p.,1..  of  tl„.  main  l)att<'iy  at  .1.  Tliu  mn^'m'ts 
A",  A',  /»',  aiv  maL^n.-ti/.'.l,  tlw  local  cirenits  conipl.-tt'd  hy  tho 
r.'lays,  an.l  tlic  cunvnt  fr.-m  .•.m-Ii  j.K'al  Lattery  flows  thiou<,'h 
til.'  ma;;n.'t  A'oftli.!  Houn.l.  r. 

Wlirn  til.'  line  is  Itiin^'  um-I  l.y  an  .)j).'rator  in  any  otlicc  A, 
the  switch  ofhis  ki-y  is  opcncl.  Tl..'  circuit  is  thus  broken 
an.l  the  armatur.'  of  the  r.-lay  an.l  «>f  tlw  soun.jcr  \  each  of 
till'  oflic.s  is  released. 

When  th.'  ojx'rator  .lepresses  ih.-  key  an.l  completes  the 
main  circuit,  th.-  armature  of  the  relay  in  .'ach  otllce  is  drawn 
in,  an.l  the  l.)cal  circuit  is  compl.-tcl.  The  scr-'W  I)  of  each 
soun.l.r  is  tli.-n  .Iruwn  .lowii  a;;ainst  the  frame,  pr(Mlucin<;  a 
'dick.'  When  h.'  hivaks  th.'  circuit  at  the  key,  the  ].k  i 
circuit  is  a<,'ain  opene.l  an.l  the  heam  of  each  s.nin.l.'r  is  drawn 
np  i)y  the  sprin;;  a<,'ainst  tho  scrcv  (",  pro.lucin<r  another 
'click'  of  .liflerent  soun.l.  If  the  circuit  is  omplet.d  and 
hr.)ken  .juickly  l.y  th.-  ..perat.)r,  the  two  clicks'  are  very 
close  tojicther,  an.l  a  '  .h-f  is  formed:  hut  if  an  interval 
inter\ cues  between  the 'clicks'  th.'  effect  is  c.ille.l  a  "dash." 
DitlVreiit  combinations  of  dots  ati.l  dashes  form  different 
I. 'tiers.  The  transmittin^r  ,,p,.rator  at  A  is  thus  able  to 
make  himself  un.lerstood  by  the  receiving'  operator  at 
Ji   or    ('. 

Exercise.  C..!!!!."ct  :i  ^t  .=f  t.l.grq.h  inHtrui,i<.iilN  «iih  main  ,ind 
luoal  l.att,  lios  ami  study  tliu  action  of  the  iiistnimenU  when  the  circuit  ia 
closed  and  openeiL 


TIIK  ELKCTItIC  BKI-L 
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266.  The  Electric  Bell.  Klcctric  MU  an-  nf  vHri<nmkin«lH. 
Fi^.  250  shows  tin-  coiiHtructioii  of  one  of  tin-  most  coiniuon 
forms.  It  f'onsists  of  uii  flectromaj^iift 
M,M,fC,  ill  front  of  th«'  jK)lts  of  which  is 
KU|)|M)rt«"l  an  armattm'  A  l»y  a  spriii;^  .S'. 
At  th<^  rml  of  the  ariiiatur<>  is  attarhf<l  a 
hammer  //,  i>Iac»'<l  in  such  aixtsition  that  it 
will  strike  a  Inll  H  when  th<i  arm.itiirc  is 
ihawn  to  the  j)o|fs  (»f  the  ma;;net.  A  cur- 
rent breaker, consisting  of  a  [ilatimim-ti|il>e<l 
sprin;;  />, attached  to  the  armature,  is  jiiiu'inJ 
in  the  circuit  as  shown  in  the  ti;;ure. 

When  the  circuit  is  completeil  \>y  a  ptish-hutton 
1\  the  ourn-nt  fi'om  the  battery  passes  from  the 
screw  (J  to  Hprin;x  1^  n'"!  tlirou^'h  the  eh'Ctroma;,'net 
to  the  battery.  The  armature  is  drawn  in  und  the 
Im'II  struck  by  tht;  hammer;  but  by  the  movement 
of  tlie  armature  tlie  spriti;;  />  is  sep- 


Kio.  2.'>fi  — Eltftric  bell  »n(i  iU  connection*. 
Al  (i  i»  Bhowii  J  ii*<tioii  ^jl  th.'  pii'.li 
liiitton.  The  flu'i"*  •how*  Ihe  UII  «!•.'  i; 
the  button  i»  not  presi»e<l.  The  i-nrrent 
may  pus  in  either  direction  throUKh  the 
bell. 

arated  from  the  .screw  T.and  tlie  circuit  is  broken  at  this  point. 
The  maL'uet  then  rehNi-ses  the  armature.  th<?  sprin;;  N  catise.s 
the  hammer  to  fall  back  into  its  ori<;ijial  p)sition  and  the 
circuit  is  a^ain  comj)le^ed.  The  action  jjoes  oti  as  U'fore  and 
a  continuous  ringinij  is  thus  kept  up. 

Exercise. -Connect  an  electric  hell  in  a  circuit  with  a  liatterj' and 
push  huttoii.  Trace  the  c<mnecti<m  in  the  circuit  and  study  the  action  of 
the  IkII  when  the  circuit  is  closetl. 

257.  Telephone.  .\rr!\nyeaj)j)aratu8a.s  shown  in  Fig.  257.  The  iron 
rod  has  a  coil  of  fine  insulated  wire  wound  around  one  end  of  it,  and  ii 


^'a4^^' 


!-Tf4A^*.-r,. 


WS^J^ 
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ma(;ni:tic  iffhcts  of  the  turrent 


ill 


front   of   this  eml    is    su>])i,iulc'<l   a  Kiiiall    suft-iron    disc.     A    battery   is 

jildced  in  the  ciroiut 
\vitl»  tin;  Coil,  anil  tlie 
circuit  is  t-onijili'ti-d  l)y 
attachin'^  tliu  wires  ti> 
two  sin.ili  niftal  jilatt-s 
separated  liy  a  small 
wedjje-HliajK-d  piece  of 
<;rapliitc  or  sti)Vi'  jiulisli. 

I*l;t!  I-  tin-  liii'^cr  on  tlie 

iiji|i(  T  pliite.  and  ]irrss 

upon  it  witli  ditfereiit 
dejiri't'S  of  force. 


Fio. ; 


-I'rim  iple  of  the  Ttlephoi.t'. 


I'ii 


Thu  disc  is  scuii  to  inuvi'  iu  ainl  t'ro.  The  iiiovenifiit  is 
caused  Ity  tlir  \ aiyiiit;  strcii<xtli  of  tin-  currtMit  in  thr  circuit. 
When  t'lf  pressure  is  increased  at  the  graphite,  the  resistance 
is  lesseiie  1  and  tlie  cuiieiit  trrows  stroii<rer  and  tho  electro- 
magnet  draws  tlie  disc  forward.  When  the  pnssure  is  lessened 
the  current  hocoines  weaker  and  tlie  disc  ftills  l>ack. 

'I'his  ex]»eriinent  illustrates  roughly  the  principle  of  action  of 
tin-  teleplione.  The  loose  connection  with  varying  resistance  is 
the  essential  part  of  the  fnttisiiiiffrr,  and  the  electromagnet 
the  essential  part  of  the  rt'cclvcr. 

The  t r>i  iisiiiHh  r  now  in  connnon  use 
Ls  ilhistrated  in  Fig.  ^oN. 

At  the  hack  of  tlu'  niouthj)iece  is  a 
metallic  diaphragm  I),  li  is  <a  carlxm 
button  attached  to  the  diaphragm,  and  IV 
anotlier  carbon  ))Utton  attached  to  the 
frame  of  the  instrimient,  opposite  to  li. 
The  space  between  the  carbon  buttons  is 
loosely   packed    with    coaise  grainilated 

carlxtn.     (See  upjx'r  small  figure.)     The  electrical  connectiouH 
are  made  at  li  and  li . 


Fio.  ^58.— The  microphone 
traiisiiiitur  used  in  the 
Hell  nyttlcm. 


TELEPHONE 


217 


Fill.  !:9.— T»'ephone  reoei*er. 


Kio.  fOO. 


Tlie  ro<   in-r  luis  an  iron  diaplinun  (\  .supp<>rt<'(l  in  front  of 
ont!  tMul  of  a  iicnnaiu-nt  bar-inajjut-t 
.1,  aliont  wliicli  is  wound  a  coil  of 
fine  insuhitfd  win'  />,  as  shown  in 
Fij,'.  259. 

A  nwiijnot  of  tlm  horse-shoe  tyi»' 
is  now  usually  employed  in  the  receivers  of  the  Dell  system 

(Fij;.  2.")!)). 

The  transmitter  and  receiver  may  1m'  connecte<l  as  sliown  in 

Fi«^.  2«J0.  In  actual  practice  trans- 
formers are  connected  in  the  circuit 
to  modify  the  hattery  current,  but 
the  omission  of  thes.;  instruments 
in  no  wav  affects  the  explanation 
of  th»;  principle  of  action  of  the 
essential  instruments.     This  action 

ma\    he  (h-scrilx'd  .is  follows: 

Soutid-waves  cause  the  diaphra;4m  of  the  transmitter  to 
vibrate.  Wlien  it  moves  forward,  the  pressure  upon  the 
granular  carlMm  is  increased,  and  the  resistance  at  this  part  of 
the  ciicuit  is  decreased.  The  strength  of  the  current  passing 
through  the  coil  of  the  receiver  is  conseciuently  increii.sed,  and, 
as  a  result,  the  diaphragm  of  the  receiver  is  drawn  inward. 
When  the  diaphragju  of  the  transmitter  moves  backward,  the 
pressure  upoji  the  granular  carlx)n  is  decrea.sed,  the  resistance 
is,  therefore,  increased,  and  the  current  in  the  circuit  decreased. 
Through  the  decrease  in  current  the  nuignet  in  the  receiver 
loses  some  of  its  power,  and  the  diaphragm  in  front  of  it 
springs  bnckward. 

Hence  the  vilmitions  of  the  diapliragm  of  the  transmitter 
are  accompanied  by  similar  vibrations  of  the  diaphragm  of 
the  receiver,  which  will  reproduce  the  sound-waves  which 
caused  the  diaphragm  of  the  transmitter  to  vibrate. 


'J' 


I;    <: 
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Fio.  afil— Apparatus  for  Hhowiiii;  that 
Alien  a  majfiiit  U  thrust  iiilnor  wilh- 
ilrawn  from  a  (■li>>eil  coil  a  ciirn  tif  in 
iiiduot'd  ill  the  coil. 


CIIAITKII   XXXIV 
iNDrcKi)  CruHKNTs -Tin:  Dvnamo  and  the  Motor. 

258.  Production  of  Induced  Currents.     Let  i.s  t.vke  .-v  <oil  ..f  very 
fine  iiisuliitecl  wire  wounil  nn  ;i  hollow  sjiool  of  tlie  fi.riii  shown  in  Fig. 

L'fil  and  coniifct  the  ends  of  the  wire  to  a 
sensitive  galvanometer.  Thrust  the  jiole 
of  a  harniagnet  into  it  and  then  witiidraw 
it;  slip  the  coil  over  one  pole  of  a  horse- 
shoe \nagnet  into  it  and  then  remove  it. 
In  both  cases  the  galvanometer  indicates  a 
current,  in  one  direction  when  the  pole 
I'asse.s  wiihin  the  coil,  and  in  the  ojiiHiHite 
direction  when  it  is  withdrawn,  Imt  in 
each  ca.se //ic  i-nnritt  In.sl.s  onlil  irliil,-  (l,p, 
UKii/ni't  iiml  foil  (tie  in   )iii)li<iii  nhilin-  tu 

If  the  coil  used  in  the  j)reee<liiig 
experiments  is  .slii.ped  over  the  jiolc  of 
an  elect  rom;i<,'net  connected  with  a  liattery 

as  shown  in  Fig.  2r)2  and  then  withdrawn,  etl'ccts  similar  to  those  oliserved 

in    the   case    of  the    permanent    magiie      will    he 

seen. 

Again,  if  the  coil  is  slipped  over  the  electr.i- 
niagnet  and  placed  in  .a  central  position  lictween  its 
poles  it  will  he  foinid  th.it  whenever  the  liattcrv 
circnit  is  closed  or  opened,  ,a  ctirrent  is  iipuhiced  in 
the  galvanometer  circuit,  and  that  the  needle  i.s 
deflected  in  one  direction  on  closing  the  circuit,  in 
the  opposite  on  opening  it,  but  that  in  this  case, 
as  in  previous  experiments,  the  current  in  the 
galvanometer  circuit  is  only  momentary. 

TIr'so  cxporiiiifiits  all  teinl  to  show  that  vhrnerir,  from 
(iti;i  i'<ni'«\  fill-  innnhf)'  of  m<i;iiirlic  linfx  of  foi'cr  passinq 
f/ii'otii/li  II  ilnsiil  circuit  if^  chuiKpil  iiiii  raised  or  decreased) 
an  (lirtnc  iii  rreut  is  prinhiced  in  tlmt  circuit. 

Such  ii  current  is  known  as  an  induced  current. 
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Kilt.  iCi -Currents  in- 
ihiced  ill  a  clowil  coil 
l>.v  iiiovinir  it  ill  the 
flelil  ol  an  electro- 
inak(net. 
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THE   PRINCIPLK  OF  THE   DYNAMO  019 

The  exiKTiiPents  also  show  that  an  increas,,-  in  the  numU'r 
of  hnesoi  force  pas^  •:.  thn.u-h  a  clo.se.l  circuit  caus.^s  an 
in.luc,-.l  current  to  Hosv  in  one  .lin-ction  throu<;li  the  circuit 
while  a  decrease  i,i  the  number  passii.^r  i„  the  san.e  din-ction' 
throu^rh  the  circuit  causrs  a  current  to  flow  in  the  opposite 
dn-ection. 

259.  The  Principle  of  the  Dynamo.  The  precedincr  ex- 
pernnent.s  on  th.-  producti..n  (,f  induced  currents  liave^been 
introduced  mainly  to  h.-lp  us  to  understand  the  principle  of 
the  dynamo.  In  its  simplest  form,  a  dynamo  is  a  coil  of  wire 
rotated  alxmt  an  axis  in  a  ma-n."tie  field.  The  principle  may 
be  illust.-at.-d  by  conn.-cting  to  the  galvanometer  the  coil  used 
in  the  experiments  on  current  induction  and  rotating  it  alxnit 
a^  vertical  axis  b,-tween  the  poh-s  of  a  horse-sluH)  ma.nu't. 
Contniuous  rotation  in  one  directi<.n  is  prevented  by"  the 
twisting  of  the  connecting  wires  alxnit  each  other.  In  a 
working  dynamo  this  ditficulty  is  overcome  by  joining  the  ends 

of  the  wires  to  rings, 
frotii  which  the  cur- 
rent   ),■»    taken     by 
lnuslies  Ixuiring  up- 
on them.     A  study 
ofFigs.  2(].'iand2ff4 
will  show  how  the 
'"'•  "^7:^;."""'  °' ''"     current  is  generated 
in  the  coil  and  how 
it  is  made  to  flow  from  bn;sh  to  brush  through  tiie  external 
conductor. 

Let  uhxl  bs  a  coil  of  wire,  having  one  end  attached  to  the 
ring  A  and  the  other  to  the  ring  Ji ;  and  suppose  the  coil  to 
rotate  about  a  horizontal  axis  between  the  poles  X  and  S. 

Now  the  maximum  number  of  lines  of  force  p,vss  through 
the  coil  when  it  is  in  the  position  shown  in  Fig.  263  and 


Km    -'(U.-Pririripleof  the 
dynamo. 
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tl'i!  iiiiiiiiiiuiii  niiulxT  when  it  is  in  the  position   shown  i- 
Fi;,'.  204. 

As  the  coil  is  rotated  th.'  imiiil)er  of  lines  of  force  is  con- 
st'intly  fhjin<,rin^'.  H.-iic  an  induced  current  will  flow  from 
the  rini;  A  throu;,'h  the  coil  ah,;l  and  the  internal  circuit  to 
the  rin«; // at  one  instant  followed  by  an  induced  current  in 
opposite  direction  frf)ni  Ji  to  .1  at  the  next  instant,  the 
chan<res  in  direction  takiii;^'  place  in  accordance  with  the 
chan<,'es  in  dir.'clion  and  inniiher  of  the  lin.s  of  force  passing 
throu<r|i  the  coil.  Thus  a  current  wiiich  chani,'es  direction  at 
r.'irular  intervals  is  produced  in  the  external  conductor.  Such 
is  known  as  an  (dtern<itin<j  ctirnnit. 

260.  The  Armature  of  the  Dynamo.  We  liave,  for  simpli- 
city,   con.sidered    in    the    pr.-cedinir    section    the    ca.se    of  the 

revolution  of  a  sin<,de  coil  within 
the  nia;j;netic  field.  In  ordinary 
practice  a  nun)her  of  coils  are  con- 
nected to  the  .same  collectinj;  rings 
or  pl.-ites.  Tlu'se  coils  are  wound 
about  a  soft-iron  core,  which  .serves  to  hold  them  in  place  and 
to  increase  the  number  of  lines  of  force  pjissing  through  the 
space  inclosed  by 
them.  The  coils  and 
core  with  the  attached 
coiniections  constitute 
"v.!  '"IT— t: — —I  the  armature  of  the 
r^  ^~--        dynamo. 

The  armatures  vary 

^r- -'— ^^'Tf^ -'^--=f^  i,j  type  ^yjt,ii  t)j^,  ff„.,„ 

Fio.266.-nipol.irflcl.J.        '^[    <^''^'    ^^^"^    '"»''    the 

winding  of  the  coils. 
A  single  coil  wound  in  :x  grf>ovo  about  u  soft-iron   cylinder 
(Fig.  205)  forms  a  shuttle  arujature. 


PlO.  266.— Shuttle  ariiiuture. 


Fio.  287. -MultipoUr  field. 
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261.  Field-Magnets.  In  small  ^ctuTuUjrs,  used  to  (kvelop 
hif^h  teiisiun  cuniiils,  peniianciit  ma;,MictH  nrt^  Hoinetinit's  usod 
to  supply  the  lields.  The  iiiachiiio  is  then  called  a  vi(i;fnrtn. 
In  all  ordinary  dynamos  the  field  is  furnished  by  electro- 
maj^nets  known  technically  tin  ftthl-indiiin fs.  These;  niacnets 
are  either  ijipolar  (Fitj.  2G(J)  or  multipolar  (Ki;,'.  207).  In  the 
multipolar  type  two  or  m(no  pairs  of  poles  are  arranged  in  a 
rinjjf  alxjut  a  circular  yoke  ^l. 

262.  Production  of  a  Direct   Current— The  Commutator. 

When  an  electric  current  thtws  continuously  in  one  directicai 
it  is  .sjiid  to  be  a  ilirtct  oirrent.  The  current  in  an  armature 
coil  chanijes  direction,  as  we  have  seen,  at  regular  jK'riods.  To 
produce  a  direct  current  with  a  dynamo  it  is  necessary  to 
provide  a  device  for  connuuting  the  alternating  into  a  direct 
current.  This  is  done  by  means  of  a  nnnmiifatnr.  It  con- 
sists of  a  collecting  ring  made  of  segments  called  a/mmntdfor 
phite-i,  or  fMirs,  insulated  fiom  one  another.  The  tenninals  of 
the  coils  are  connected  in  order  with  the  .successive  plates  of 
the  ring.  Take,  for  example,  the  case  of  a  single  coil 
revolved  in  a  bipolar  field,  as  considered  in  §  2.57.  The 
connuutator  consists  of  two 
semi-circular  plates,  (Figs. 

26s    and    2(J9),     and    the ^ 

brushes  are  so  place<l  that       P      ■"      -^^fii     I     ...*7......jRj  U 

they  rest  upon  the  in.sulat-         >— — »*J  •       '  A'a 


N 


/ 


ing   material    between  the 

plates    at    the    in.stant  the 

current  is  chanifin<r  direc- 

tion    in    the    coil.      Tlun 

since  the  connuutator  plates 

change  position  every  time  the  current  changes  direction  in 

the  coil,  the  current  always  flows  in  tlic  sumo  direction  from 

brush  to  brush  in  the  external  circuit. 


>'i8.  268.  Fio.  2W. 

ArratiKrnienU  for  tmisfarniinK  iha  alttrnsiiiig 
current  in  the  ariitnture  into  a  dirvct -current 
in  the  externa)  circuit. 
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Fio.  27i).  — Sf.ies-wiiiiii.l 
dynamo. 


263.  Excitation  of  Fields  in  a  Dynamo.    In  tlie  ultemating- 

curn-iit  (lynaino  thu  flfrtr<)in.i<,'in'ts  whicli  fonn  the  fields  are 

soiiictiiiK'S  t'xcit.-d   hy    a  Hiiuill    (Hrect-cur- 

I  p.  ,-|  .-.  I  rt-iit   dynaiin)  ])fltt'«l    to    tlie    sliaft   of  the 

]J  {  j  I  I  J  iiia<-liiii.' ;  in  llie  (.liivct-eurn-nt  dynamo  the 

Hi'lds  are   nia<,nu'tized  by  a  current  taken 

from   the    dynamo    its.lf.     When  the  fall 

current  j^'enerated  in  the  armature  (Fig.  270) 

passoH  tln-ou;;h  the  tield-ma^jnets,  wliich  are 

wound    with    coarse    wire,  the    dynamo  is 

said  to  be  sfrit's-friiutHl.     A  dynamo  of  this 

class  is  used    when  a  constant  current  is 

re(piired,    as    in    arc    lijfhliiij^.     When   the 

fields  are  enen'ized  V)V  a  small  fraction  of  the  current,  which 

passes  directly  from  brush  to  brush  throu«:li  many  turns  of 

line  wire  in  the  Held  coils,  while  the  main 

current  does  the  work   in  the  external 

circuit   (Fig.  271)  the  dynamo  is  .shuvt- 

iroiiiid.     Tliis    ty})e   is  used    where  the 

output  of  current  requireil  is  contin- 
ually    elianging,     as     in      incai'descent 

lighting.  ])ower    distributing,  etc.      The 

regtilatit)n   is  accomplished    by  .suitable 

resistance  placed  in  the  shunt  circuit  to 

vary  the  amount  of  the  exciting  current. 

The  field-magnets,  of  course,  lose 
their  strenirth  when  the  current  cea.sea 
to  How,  but  the  cores  contain  sufficient  residual  magnetism  to 
cause  the  machine  to  develop  sufficient  current  to  "pick  up" 
on  the  start. 

264-  The  Electric  Motor.  The  purpose  of  the  electric 
motor  is  to  transform  the  energy  of  the  electric  current  into 
mechanical  motion.     Its  construction  is  similar  to  that  of  the 


Kio.  271.— Shunt-wound 
dvnamo. 
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.IvMu.MO.     In  fact,  any  -lirect-cunvnt  .lynu.no  nuvy  1h.  us.-l  .us 
ii  motor. 

The  current  sui.plied  to  tin.  motor  .livi.U'S.  {.art  flows 
tl.rou<r]i  the  ^iel.l-n.a-net  coils  an.l  part  enters  the  arn,Hture 
coils  by  oiw.  of  tlie  brushes  un.l  leaves  it  by  tlie  oth.-r. 

Both  the  tiel.l-n.aj,nift  an.l  the  armature  cores  are  thus 
macrneti/ed,  the  field-n.iput  becoming  a  stiti.u.arN  electr  ,- 
inarniet  and  the  armature  a  rotary  one. 

The  mutual  attractions  an.l  repulsions  between  the  poles  of 
the  armature  and  of  the  Held-ma-net  cause  the  arn.ature  to 
revolve. 

Exercise.  -PPK^ure  a  HiuM.le  fonn  ..f  direet-current  ayna.no  (with 
Bh..ttiu  ar.nature,  if  ...ssible).  Trace  tl.o  electrical  crcui.H  m  tl.o  arma- 
ture, and  lieU.  Rotate  the  annatun-  an.l  test  w,.h  -  f'^;'^'-^"^l! 
electric  bell  the  current  generato.l  by  it.  Now  connect  the  dynan.u  with 
a  battery  and  study  the  action  as  a  motor. 


CHAITKll    XXXV 

Ukatimj  and  Lkjiitini;  Km  Kcrs  of  tiik  Klk(Tuic  Current 

2G5.  Heat  Developed  by  an  Electric  Current.  In  <]is- 
cu^-iii;^  till'  siiMiciH  (pf  lii-al  (^  I'JIM  we  su;,'i^»'St((I  iiii 
(•\]pii'iiiicnt  to  sli'tw  lliit  an  clccti'ic  ciirrriil  may  in-  usftl  to 
(IrVflon  licat.  Tlir  fxji.'i-iiiiciit  illustrates  !i  ^f.'inTal  pi'inciplc. 
Wln'MfVcr  an  clrctiicr  ciiiiint  iiH-it^  with  resistance  in  ii  con- 
'luctur,  licat  rcsnlls.  N<i\v,  as  nobuly  is  a  peifecl  coiKlnctor 
of  electricity,  a  certain  amount  of  tin-  eiier;;y  of  tlie  electric 
current  is  always  translornieil  into  lieat  ener<jv. 

266.  Practical  Applications.  The  lieat  iinxhiced  hy  tlic 
electric  cuiieiit  is  applied  in  many  nsefnj  ways.  We  have 
already  referred  to  eh ctric  lieaters  and  cookers  (^  129). 
IJesistance  wires  and  other  I'oinis  of  partial  conductors  heated 
hy  an  electiic  cm  i<  lit  are  used  for  various  pur{K)ses,  such  as 
performin<f  sui'^ical  operations,  i^jnitin;^  fiises,  heatin;;  furnaces, 
etc.  In  electric  toasteis  and  llat-irons  the  resistance  wire  is 
an  jiUov  of  nickel  ami  chromium.  This  can  he  kept  at  red 
heat  for  weeks  witliout  injury,  whereas  an  Won  wire  would 
soon  deteriorate. 

Roils  of  metal  are  welded  hy  pressiii<r  them 
totretlier  with  sutlicient  force  wliile  a  stroiit; 
current  of  electricity  is  passed  throuf^h  them. 
Heat  is  developed  at  the  point  of  junction, 
where  the  resistance  is  the  j^reatest,  and  the 
metals  an^  softened  and  })ecome  welded 
Fio.  272.   Tiie  iiica.i-    toi'ethcr.     lUit  tlic   uiost    imiH)rtant  apiilica- 

dew't'iit     lainp.      .1,  ^  _  '  '■  '■         _ 

tion    of    the    heatiiiir    eflects   of    the    electric 
current  is  to  he  found  in  electric  li'ditintj. 


rarlioii  fllitiient  :  //, 
roMitiK'tiiiK  u  ires 
fiiM'd  in  irlass ;  C, 
liras!*  lm»e  to  which 
oni    '■  ire  in  goliiorwi. 


267.  Incandescent  Lamp.  The  construc- 
tion of  the  incandesctiit  lan.p  in  commoii  u«c  is  slio'.vn  in 
Fig.  272.     A  carbon  tilament,  made  by  carbonizing  a  thread 
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of  batnly^  or  cotton  Hhn'  at  a  v.ry  hi-h  t.-inporaiuro.  is 
atUicluMl  to  conductii»K  wins  aiul  incloscl  in  u  pear-Hhai.Hl 
t:l„lK>.  from  which  th.«  air  is  th.n  cxhausKMl.  Thr  co.uluctu.g 
wires  whore  they  are  fus-l  into  the  ^Mass  are  of  phitunnn. 
When  a  sufficiently  stron-  current  i.^  paH.s,.d  thr..uj,'h  the 
carl)on  Hlanient,  which  has  a  hi-h  resistance,  it  .s  healed  to 
incandescence  and  yiel.ls  a  hri-ht  steady  Hcrht.  The  carb<)n 
is  infusiWe,  and  (Um-s  not  burn  for  hick  of  oxy-en  to  unite 
with  it.  Lamps  in  wliich  the  fihiment  is  a  tine  wire  of  the 
metal  tungsten  are  becoming,'  connnon. 

268  Arc  lamp.  Sharpen  two  small  carlK)n  pencils  and 
connect  them  hy  means  of  copiK-r  wires  to  the  poles  of  a 
battery  of  several  cells,  close  the  circuit  by  bringing  t»'<' 
points  of  the  «irbo..s  together  loosely.  You  will  notir.  a 
bright  pjint  of  light  at  the  tips  of  the  pencds. 

This  expi'riment  illustrates  in  a  feeble 
way  the  principle  of  the  arc  Ivjhf. 

When  two  carbon  rods,  or  pencils,  are 
connected  by  conductors  with  the  poles  of 
a  sufficiently  powerful  battery  or  dynamo, 
touched  together,  and  then  separated  a 
short  distance,  the  current  continues  to 
flow  acros.s  the  gap,  developing  intense 
heat  and  raising  lO  terminals  to  incan- 
descence, thus  producing  a  powerful 
light  (Fig.  273). 

The   arc   lamp    is    provided    with    a 
regulator,   by   which   the   carbons   are   kept   at   a   constant 
distance  apart. 


Fh.  273.— Th«  wc  light. 
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Page  4.     I.  2,i'i00,m»0  inm.       a,  2y!),»04.97  km.      3.  3--». 4(10.000  ^i-   cm. 

4,  20,<»_'l  in.  5.  1  cu.  III.  -^  I.UIOI.  -  l,W»0.(K)Oc.c.  6,  1.S3.49  ni.  7.  6.5.4 
cents.     8.  '.•,(i'.t7.')kg.     9.  'Ihe  former.     10.   1,1  IN.  8  ft.  (nearly).     II.  4.79  mm. 

Page  12.      X.    1.47  k>,'.      2.  .'i4(».-)c.f.      3.   r)l!t.7.">.      4.  -J  7  granm  i>cr  c.c. 

5.  12  kg.  6.  0.77  gill,  i-ercc.  7.  (d)  7.29  ;  (/-)«.61  t..n«.  8.  -JS.'l.r),  O.."),  1.9, 
7.1,  14. ;<  grams;  1.814,4,  4r,HM,  141.7,  14-2,  WO,  28.3  griinis.  (Correct  to 
first  (lecinml  place  ;  accurate  enmigli  for  iilii>U>graphv). 

Page  15.      I.  .T2,»,  mile8  per  hr.      2.  2,HUH,V  miles.      3.  88  ft.  jier  sec. 

4.  HIS  km.  per  hr.     5.   11  miles  per  <liiy.     6.    1  mile  per  day. 

Pago  17.  I.  24  ft.  per  sec;  12  sec.  2.  l.'.MJO,  7,840,  19,600  cm.  per  sec. 
3,  10  sec.  4.  2S  ft.  per  sec.  ujiwunls,  4  ft.  per  sec.  downwards,  36  ft.  jht  sec. 
downwards  ;  ;!j|  sec.     5.-1*,  ft.  jier  sec.  per  sec. 

Page  19.  I.  112  ft.  iMTsec. :  I'.lCft.  2.  66  ft.  jwr  sec. ;  2t', sec. ;  68^^  ft. 
3.  22;-)  sec;  8,437i  ft-     4-   '*>.  W^.  l^-«.  2:>6,  4(J0  ft.;  16,  48,  80,  112,  144  ft. 

Page  20.  1.  4  ft.  per  sec.  2.  1,(HH)  cm.  per  sec.  3.  192  ft.  or  5S.8  m. 
per  sec. ;  r)76  ft.  or  176.  4  111.  4.  I'.Ktcm.  jier  sec.  5.  128  ft.  jht  sec.  6.7.82 
sec;  4..37  sec.  (apprnx.).     7.  864  ft.;  36  sec.     8.  i  ft.  per  sec.  jier  sec.  ' 

Page  22.  I.  Man's  =  "^  times  Imy's.  2.  Car's  -  4»  times  caiinon- 
ball's.     3.   Pebble's  =  ,",  of  Weight's. 

Page  24.     2 j  ft.  per  sec. 

Page  26.     2.   11.73  (nearly)  ft.  per  sec.     3.  60  ft.  p«r  sec. 

Page  30.     I.   Doubleii  ;  yes.     2.  44),  2.5,  16  kg. 

Page  32.      I.    1,IK)0  grain-metres  or  l  kilogram-metre.      2.   1,800  ft. -pda. 
3.  iJO.OOOft.jKls.     4.  j'jkg.-m.     5.   ir.O,(JK)  ft.-jKls.     6.  528,000  ft. pils. 
Page  35.     I.    Pi,',  b.-p.     2.   ,l,h.p.     3.  53.6  (nearly)  h. -p. 

Page  40.    5.  .■>  ft. 

Page  44.  I.  9  ;  AM  ixls.     2.   1.)  o/..     3.  374  pds. 

Page  45.  I.  .56  jmIs.     2.    160  ]>ds. 

Page  48.  1.  U  |h1s.     2.  90  {ids.,  120  p<U.    3.  225  pels. 

Page  59.  i.  3i2i  g.    2.800  kg.    3.  ii,.-)50pd8.    4.10,000. 

Page  62.     1.  62.3  pds.;  97.7  p<l8.      2.  4.57  pds.      3.  2.5  kg. 

5.  BOO  g.     6.  i. 
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S-  36  kg. 

4.  4-9  g. 
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Page  66.  i.  4  k  \^r  c.r.     2.  U'-  pe''  '■■'•■    3.  ^  -  a   i"'  ^■•'"-    4-  8  B- 
per  c.c. 

Page  69.  6.  l.-«.M  «■ 

Page  77  a.  >'»  <"■  f-   3-  --•"•'•  '•   4-  ^'^•H  '"  "^  ""•••'^"••y-   S  5«'-i  """• 

6.  174  in.  "f  intTiury.     7.  ?.'<.W>. 

Page  99.    I.  •'»•">••>.  :*•■«.  •■'■''*^  •"    »•*'"  "•"'      *•  '''•'"''''•''  '*      *^'   '•""**'*  '*" 

7.  4,""7.4   ft      JHT  KfC. 

Page  104.    2.  (MK).    4.  3-'2.  fi''i-  ':«'i-  -''>•  •"'--•  ''f'^^'  -'•"'''*•  *•'""• 
Page  124.    i.  0.  3J.4.  48.0.  117.    2.  lij,  l.'.. -i'.  .VJ;..    3-  n--    4-  ••■»«• 

s  - 171'.  -  i-T.  o\  7r.  371%  -3ir.  -*»  •   6-  -^^ .  '>^  •  **'•'•«'•  '•*"  •  ■  ■'^' 

-40%   -4.-.9.4. 

Page  m.  2.  •2H,.",l.  3.  113....  (nearly).  4.  107.0.  107.2.  IIW-'J  c.c. 
(nearly).     5.  C'JO  c.c. ;  31U  c.c. 

Page  129.  l.  1.0'-'-''  cil.  2.  3.IKX)  cnl.  3.  -23-  r.  4.  l.»  IVnt.  .leg. 
5.  604   ('.     6.   IC.'JAt.     7.  iV-'. 

Page  133.  I-  ^^O  cal.  2.  8.100  cal.  3.  .W.ttSS  Oil.  4-  '"»*  '*»»^''- 
5,  0.1tr>  (nearly).     6.0.6!).     7.  (».03  (approx.). 

Page  139-     6.  'J.SOOcal.     7.   1,'J00,(MH(  cal.     8.  .V.i,',T. 

Page  144.     4.   19,83-2  cal.     5.   18-.>,240c*l.    6.  27,945  cal.    7.  230,»i«0caL 

Page  165.     I-  24  inches. 

Page  170.    2.  C0%    4.  60'. 
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Absorption,  of  light,  183. 

Aocvleration,  16. 

AdlieNioi),  91. 

Air,  wfij^ht  j)f,  67  ;  pressure  of,  67  ; 

coinpreflsibility  Hiid  uximnnibility 
■  of,  73 ;  the  iiies  of  cuiiipressed,  81. 
Air-lirakus,  81. 
Air-pump,  80. 
Alttrn.itiug  current,  220. 
ArcliiiiicdcH'  principle,  61. 
Arc  lamp,  225. 
Arm.iture     of    the    dynamo,    220 ; 

sliuttle,  220. 
Artesian  wells,  58. 
Atmosphere,  height  of  the,  72. 
Axis  of  mirror,  171. 

B 

Balance,  description  of,  ?• 

I{all(H)ns,  78. 

Barometer,  the,  70. 

Bell,  electric,  215. 

Boiling  point,  140 ;  effect  of  pres- 
sure on,  140. 

Boyle's  law,  75. 

Brittleness,  02. 

Buoyancy,  nature  of ,  60  ;  to  deter- 
mine force  of,  61 ;  of  gases,  77. 


Camera,    the    pin-hole,    162 ;    the 

photographic,  180. 
Capillary  action,  94. 


Cell,  the  TolUic,  200 ;    I^Unch4, 

204  ;  Danitfll,  205  ;  gravity,  206  ; 

the  dry,  205. 
Centre  of  curvature  of  mirror,  171. 
Centre  of  gravity,  deKnition  of,  36  ; 

to  find,  experimentally,  36. 
Charles'  law,  126. 
Clarinet,  109. 
Clouds,  146. 
Cohesion,  91. 
Colours,    hy   dispersion,   181  ;    of 

natural  objects,  183. 
Compressed  air,  uses  of,  81. 
Condensation    of    water-vapour  of 

the  air,  145. 
Condenser,  the  air,  80. 
Conduction  of  heat,  149  ;  in  solids, 

149 ;  in  liquids,  151 ;  in  gases,  151. 
Conductors,  electrical,  202. 
Convection  currents,  153  ;  in  gases, 

154  ;  applications  of,  156. 
Cooling  by  vaporization,  144. 


Daniell's  cell,  204. 

Declination,  magnetic,  195. 

Density,  definition  of,  10  ;  measure* 
ment  of,  63  ;  relation  to  specific 
gravity,  11  ;  of  a  solid  heavier 
than  water,  63  ;  of  a  lighter  than 
wat«r,  63  ;  of  a  liquid  by  the 
specific  gravity  bottle,  64  ;  of  • 
liquid  by  means  of  a  hydrometer, 
65. 
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I).'w,  146. 

lK>w-{Hiiiit,  14fi. 

Ditrii-inii,  of  K'*"«*>  ^7  ;  of  liquiiU 
ami  si.lidH,  87. 

Dip,  inai;iictic,  1%. 

Dispersion  of  light,  181. 

Distillation,  147. 

Divinij  KuitN,  82. 

Dry  w\l  2tio. 

Diutiliry,  {t2. 

DyniiMKi,  tho  jtrinci|)l«  of,  219  ;  the 
iiriiiaturo  of,  220;  tiehl  nmj{ntts 
of,  221. 

E 

I^^arth,  n  niaijnet,  li>4  ;  uiaKnc-t  fieM 
aho\it,  197. 

Echoes.  W. 

Klectricity,  nature  of,  199. 

Electric  Iwll,  215. 

Elettric  circuit,  explanation  of 
U-rnis.  200. 

Electric  current,  nature  of  the,  199; 
known  hy  its  eirecfs,  I'.K) ;  detec- 
tion of,  202  ;  heat  developetl  hy, 
224. 

Electric  furnace,  224. 

Electric  hunps,  224,  225. 

Electric  motor,  222. 

Electric  tele^'raph,  211. 

Electric  »elilin>{,  224. 

Electrolysis,  207;  of  water,  207; 
of  salts,  208. 

Electronii^net,  210 ;  strength  of, 
211. 

Electroplating,  208. 

Enersiy,  definition  of,  33 ;  trans- 
formations of,  Xi ;  measurement 
of,  32  ;  conservation  of,  34. 

Equilibrium,  conditions  for,  38 ; 
thruc  states  uf,  38. 


Ether,  1«1. 

EvaiM.rafion,  144  ;  cold  hy,  144. 

Ex|     isi'.n,  of  solids  hy  Inat,  llrt  ; 

of  liquidH  ami  \iiiMin  hy  heat,  1 17  ; 

applications  of,  118. 

P 
r;ehl  magnet*,  of  a  dynamo,  220  ; 

excitation  of,  222. 
Field  of  f.>rie,  190  ;    duo  to  electric 

current,  210, 
Flotation,  principle  of,  62. 
Flute,  1(>9. 
FiKJUH  of  mirror,  172. 
F.«.  146. 

Force,  definition  of,  22. 
Forces,  ciiiuhinatioii  of,  2i'>  ;  i>aral- 

lelogram  of,  2t>  ;  at  tho  surface  of 

a  liipiiil,  VI. 
Freezing  mixtures,  138. 
Friction,  definition  of,  41 ;  rolling, 

41. 
Frost,  146. 
Fusion,  I'M  I  change  of  volume  in, 

135  ;  heat  of,  136. 


Galvanometer,  202. 

(ialvalioscope,  202. 

(Jases,  buoyancy  of,   77  ;  diffusion 

<.f,  K7. 
Gravitation,  law  of,  28, 
Gravity  cell,  206. 


Hail,  147. 

Harmonica,  111  ;  in  a  string.  111. 

Heat,  source  of,  114  ;  unit  of,  128  ; 
specific,  131  ;  given  out  in  solidifi- 
cation, 138  ;  absorbed  in  solution, 
13ft. 
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IK-.'iiiiig,    by    li'it,    water,    157  ;    hy 
Htcuiii,  157  ;  liy  liot-air  furmices, 

Hunt  of  fiiHitiii,  I'M  ;  (leteriniiiatioii 

of,  of  ice,  l.'KJ. 
Heat  uf  vaiioriziitioii,    142  ;  dtiter- 

iiiiiiation  of,  142. 
Hi.'lix,  iiia<{iioticcoii(litii)n8of  a,  210. 
Ilorse-|n)wor,  35. 
Hot-water  lieatiiif,',  157. 
Humidity,     14G ;    relation    of,    to 

lie.ilili,  140. 
Hydraulic  elevator,  the,  54. 
Hydniulic  lift  lock,  the,  65. 
Hydraulic  jtress,  the,  515. 
Hy  hoiueter,  tiie,  (i5. 


Imajjes,  in  plane  mirror,  IfJfi. 
Incandescent  electric  lamp,  224. 
Inclinatiun,  magnetic,  VM>. 
Induced    currents,    production    of, 

218. 
Induced  magnetism,  189. 
Induction,  magnet iz.it i«n  by,  189. 
Intensity,  of  sound,  101. 
Isugunic  lines,  195. 


Kilogram,  standard,  5. 


Latent  heat,  136. 

Lateral  in  vers.,  n  by  a  mirror,  170. 

LcclanclnS  cell,  204. 

Length,  standards  of,  2. 

Lens,  178  ;  actit>n  of,  178  ;  focu.s 
178  ;  focal  length  t)f,  178  ;  de- 
termination of  fucal  length  of, 
179. 


Lenses,  kinds  of,  178  ;  uses  of, 
179. 

Lever,  the  first  class,  43  ;  second 
class,  45  ;  third  class,  46. 

Light,  radiation,  161  ;  how  trans- 
mitted, lOl  ;  waves  and  rays  of, 
1**2  ;  travels  in  straight  lines, 
162  ;  laws  of  reflecticm  of,  167  ; 
refraction  of,  175  ;  dispersion  of, 
181  ;  absorption  of,  183. 

Lines  of  force,  properties  of,  190. 

Liipiiil,  surface  of,  in  connecting 
tubes,  58  ;  ditFusion  of,  87  ; 
distinction  between  liquids  and 
solids,  90. 

Local  action  in  a  cell,  201. 

Loops,  112  ;  in  a  vil>rating  string, 
112. 

M 

Machine,  object  of  a,  43. 
Magnet,    natural,    187  ;    artificial, 

187  ;  poles  of  a,  188  ;    retentive 

power    of,     190  ;     field    of    force 

about,  190  ;  the  earth  a,  194. 
Magnetic   laws  of,   attraction    and 

repulsion,  188  ;  substances,  189  ; 

shielding,  192 ;  permeability     92  ; 

declination,  195 ;  inclination,  196. 
Magetism,  induce<l,  189. 
Magnetizjition,  explanation  of,  193; 

effects  of  heat  on,  194. 
Magnification  l)y  lens,  338. 
Malleability,  92. 
Mariner's  compass,  194. 
Miiss,   8t.'\ndards  of,   6 ;   definition 

of,  5. 
Matter,  molecular  theory  of,  86. 
Maximum  density  of  water,  125. 
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Measurement,   of  length,    26;    of 

n(".s8,    7  ;    of    density,     10  ;    of 

weight,    29;    of    w..rk,    32;    of 

en»  rgy,  '^'2. 

Melting   point,    134  ;    influence   of 

pressure  <in,  135. 
Metre,  the  BtiindHnl,  2  ;   sub-divi- 

Bions  of,  3  ;  rel.itiuu  to  j  ard,  3. 
Microscope,  tlio  simple,  ISO. 
Mirrors,  plane,   W'> ;  carved,  170  ; 
centre    of    curvjiture    of,     171  ; 
riidius  of  curvature  of.   171  ;  axis 
of,  171  ;  focus  of,  172  ;  panilx.lic, 
174. 
Molecules,  description  of,  8rt  ;  evi- 
dence suggesting,  86  ;  motions  in 
liquids,  89. 
Momentum,  definition  of,  21. 
Motion,  14  ;  Newton's  first  law  of, 
23  ;  Newton's  second  livw  of,  24  ; 
Newton's  third  law  of,  25. 
Musical  sounds  and  noises,  101. 

N 

Nodes,   112  ;  in  a  vibrating  string, 

112. 
Non-conductors,  electrical,  202. 


OiKique  Ixnlies,  164. 
Organ  pipes,  108. 
Osmosis,  89, 
Overtones,  in  a  string,  IIL 


Parabolic  jnirrors,  174. 
Permeability,  magnetic,  192. 
Pitch,  102. 
Plasticity,  92. 
Polarization  of  a  cell,  203. 


Poles  of  a  magnet,  188. 

pound,  standard,  6. 

Power,  definition  of,  34  ;  units  of, 

35. 
Pressure,  transmission  of,  by  fluids, 

52  ;  due  to  weight,  50  ;  relation 

betwetn  pressure  and  depth,  6*5  ; 

etpial   in   all    directions    at    the 

sjime  depth,  57. 
Prisms,  177. 
Pulley,  the,  49  ;   a  single  movable, 

49. 
Pumiw,  lift-pump,  83  ;  force-pump, 

83  ;    double  action   force-pump, 

84. 


Quality  of  m)und.  111. 

B 

lladiation,  transference  of,  by  heat, 

159;  of  light,  161. 
Radius  of  curvature  of  mirror,  172. 

Kain,  147. 

RecomiK>sition  of  white  light,  184. 

Reflection  of   light,  laws  of,   167  ; 

regular  and  irregular,  163. 
Reflection  i>f  sound,  90. 
Refraction  of  light,  meaning  of,  176 ; 

exiKjriments    illustrating,     175 ; 

thn>ugh  a   plate,  176;    through 

prisms,  177. 
Resonance,  108  ;  of  an  open  tube, 

108. 

S 

Shadows,  theory  of,  163. 
Siphon,  84. 
Snow,  147. 
Solidification,  134. 
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SolitlH,  (liKtinctiuu  between  liquids 

and  solids,  90. 
Sf)iii>ine»er,  the,  111, 
Sound,  origin  of,   IXJ  ;    conveyiincc 

of,  97  ;  velocity  of,  in  air,   9H  ; 

intensity  of,  101  ;   reflection  of, 

98;  qiiiility  of,  111. 
Sound-wavL'»,  nature  of,  98. 
Sptcific  liiiit,  i;ji. 
.Spectrum,  181  ;   a  pure,   182;  the 

solar,  181. 
Standards,  of  lenfjrth,  2  ;  of  mass,  5. 
Steam  heating,  157. 
Stringed  instruments,  107. 
Surface  tension,   93  ;    illustrations 

of,  94. 
Sympathetic  vibrations,  112  ;  illus- 
trations of,  113. 


Telegraph,  the  electric,  211  ;  key, 
212  ;  sounder,  212  ;  relay,  213. 

Telegraph  pystem,  connection  of 
instruments  in,  213. 

Tell  phone,  21.") ;  tnuisniitter,  216  ; 
receiver,  217. 

Telephor.e  circuit,  connection  of 
instruments  in,  217- 

TemjHjrature,  nature  of,  120  ;  and 
quantity  of  heat,  120  ;  determi- 
nation of,  120. 

Tliermometer,  construction  of  a 
mercury,  121  ;  detennination  of 
the  fixed  iK)int8  of,  121  ;  gradu- 
ation of,  122 ;  comparison  of 
scales  of,  123. 

Time,  unit  of,  5. 


Transference  of  heat,  by  conduction, 
149 ;  by  convection,  1.54  ;  by 
rikdiation,  159. 

Translucent  bodies,  164. 

Transparent  Ixidies,  164. 

Tuning-fork,  96. 


Tnits,  fundamentiil,  1  ;  of  time,  5  ; 
of  Work,  31  ;  of  power,  35  ;  of 
lieat,  ll.'8. 


Vaporization,  140. 

Velocity,  definition  of,  14  ;  of  sound 

in  air,  98. 
Ventilation,  l.')8. 
Vibratitms,    laws   of,   of    a   string, 

106 ;    of    plates,    97  ;     of    air 

columns,  108  ;  sym{)athetic,  112, 
Viscosity,  90. 
Voltaic  cell,  200  ;  chemical  action 

in,  201 ;  jtolarization  of,  203. 

W 

Watt,  the,  35. 

Weight,  definition  of,  29  ;  measure- 
ment of,  29. 

Weights,  8  ;  metric,  8. 

Wheel  and  axle,  the,  50  ;  examples 
of,  50. 

Winds,  155. 

Work,  definition  of,  31  ;  units  of, 
31 ;  measurement  of,  32. 


Yard,  standard,  2, 
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